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SUMMARY 
Pesticides iiave been proved to be a useful tool in modern Agricultural 
technology and in the eradication of diseases such as malaria and typhus. The 
process of chemical crop protection is a boon for the society but its 
indiscriminate and non-judicious use can prove a bane for the human race. In 
our country, India, consumption of pesticides has increased 4000 MT in 
1954-1955 to 1.5 lacks MT in 2000-2001. 
At present, consumption of pesticides is lower in this country than that 
is being used by advanced countries (1600g/ha in U.S.A., 2000 g/ha in U.K. 
and 10 kg/ha in Japan). However the consumption is increasing day by day and 
it will be 2000 g/ha by 2002 A.D. in India. 
Out of many aspects of pesticides usage, the following two seems to be 
most important : 
i). Synthesis of new pesticides. 
ii). Monitoring of pesticides residues in flora and fauna. 
For monitoring instrumental as well as non-instrumental methods have 
been utilized. Former methods have been found to be ultra sensitive and very 
fast. However the instrumental methods are sophisticated and costly so they 
have not been either installed or out of working order in many laboratories of 
the third world countries. 
The non-instrumental methods are inexpensive and sensitive or 
selective. They have been found to be extremely useful in the preliminary 
qualitative analysis before using costly and sophisticated instrumental 
methods for quantification or identification of the pesticides residues in air, 
soil or water. Therefore,efforts have been made to synthesize some new 
fungicides and to develop new non-instrumental methods of analysis. The 
research work carried out in this thesis is summarized in the following 
paragraphs. 
In Chapter 1 different types of pesticides, their mode of action and their 
uses are summarized (Table 1). The literature survey regarding synthesis of 
pesticides and recently used analytical methods have also been summarized in 
this chapter. 
Chapter II deals with the synthesis and characterization of 
dimethyldithiocarbamates of Zn(II), Mn(II), Fe(III) and Cu(II); 
morpholinedithiocarbamates of Zn(II), Mn(II), Fe(III) and Cu(II); 
diphenyldithiocarbamates of Zn(II). Mn(II), Fe(III) and Cu(II). Fungicidal 
activity of these compounds has been tested by inhibition zone method using 
fungi Helminthosporium goffybii and Alternaria solani as assay organisms. 
Zinc dimethyldithiocarbamate, manganese dimethyldithiocarbamate, 
iron dimethyldithiocarbamate. copper dimethyldithiocarbamate, 
manganese morpholinedithiocarbamate, iron morpholinedithiocarbamate and 
copper morpholinedithiocarbamate show fungicidal action on both fungi 
while zinc morpholinedithiocarbamate, zinc diphenyldithiocarbamate, 
manganese diphenyldithiocarbamate, iron diphenyldithiocarbamate and copper 
diphenyldithiocarbamate do not show such an action. 
An attempt has been made to synthesize zirconium 
diethyldithiocarbamate under varying pH values and different mixing ratios 
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of the reactants. The compound under study has been found to be unstable at 
room temperature (35°C). Therefore, its fungicidal and adsorption studies 
have not been reported. The results are discussed in Chapter III. 
A new spot test is developed using diethanolamine and cation-exchange 
resin beads in [Cu(NH3)4]'^ '^  form as colouring reagent. The test is based on 
the formation of yellow-dark brown complex of carbon disulphide with 
[Cu(NH3)4]'^ "^ in presence of a primary amine. The test has been successfully 
used for the detection of dithiocarbamate fungicides residues at ng levels in 
soil and other environmental samples. Table 2 summarizes the results of 
detection of mancozeb in presence of several foreign substances. The details 
of this study are given in Chapter IV. 
Chapter V deals with the following research work. Another new spot test 
has been extensively studied for the detection of dithiocarbamate fungicides 
residues in soil, vegetation and water. The test is based upon the intensive 
catalytic action of dithiocarbamates on the production of nitrogen from 
sodium azide-iodine reaction. The lower limit of detection of the test is at jig 
levels. The test is very simple and quick so it can be utilized for the testing of 
atleast 100 samples per hour on field. The analytical potential of this test is 
shown with the data recorded in Table 3. 
A review of the 104 publications in the area of different stationary 
phases such as silica gel, alumina, cellulose, polyamide, kieselguhr, sephadex, 
calcium sulphate, barium sulphate, titanium dioxide, synthetic inorganic ion 
exchangers and soil used in thin-layer chromatography for pesticides residues 
analysis are summarized in Chapter VI. The versetile adsorbent, silica gel and 
its admixtures are used largely. 
Table 2 : Detection of compounds containing 
functional groups using Reagent N. 
different 
S.No. 
1. 
2. 
3. 
4. 
Test material 
Acids : 
a) Barbituric acid 
b) Gallic acid 
c) Hippuric acid 
d) Isocitric acid 
e) Malic acid 
f) Phthalicacid 
g) Succinic acid 
h) Sulphanilic acid 
i) Tartaric acid 
Alcohols : 
a) 1-Butanol 
b) 1-Ethanol 
c) Methanol 
d) 1-PropanoI 
Aldehydes : 
a) Benzaldehyde 
b) 4-Dimethyl amino-
benzaldehyde 
c) m-Nitrobenzaldehyde 
d) Vanillin 
Amines : 
a) Aniline 
b) Diethylaniline 
c) Indole 
d) Nicotine 
e) Trimethy 1 amine 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
LY 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
LY 
LY 
LY 
VLY 
LGrY 
LY 
LGrY 
Y 
DY 
Y 
Y 
Y 
Y 
Y 
VLY 
LY 
VLY 
LY 
LGrY 
LY 
DY 
LY 
4-5 min 
DBr 
Y 
DY 
LGrY 
DBr 
Br 
DBr 
DY 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
LY 
GrY 
Br 
Y 
Br 
DY 
Contd. 
Table 2 : Continued... 
S.No. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Test material 
Amides : 
a) Dimethylformamide 
b) Salicylamide 
c) Thiourea 
d) Urea 
Ether : 
a) Diethylether 
Heterocyclic Base : 
a) Pyridine 
Hydrocarbons : 
a) Benzene 
b) Carbontetrachloride 
c) Chlorobenzene 
d) Nitrobenzene 
e) o-Toluidine 
f) Paraffin 
Ketones : 
a) Acetone 
b) Acetophenone 
Mineral Acids : 
a) Hydrochloric acid 
b) Sulphuric acid 
OUs/Fats : 
a) Til oil 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
VLY 
LY 
Y 
Y 
LY 
Y 
DY 
LGrY 
Y 
Y 
VLY 
VLY 
Y 
Y 
VLY 
LY 
Y 
4-5 min 
LY 
DY 
DY 
Br 
DY 
Br 
Br 
GrY 
Br 
Br 
Y 
Y 
Br 
DBr 
LY 
Y 
Y 
Table 2 : Continued.. 
S.No. 
12. 
13. 
14. 
Test material 
Pesticides : 
a) Carbamates 
i) Bavistin 
ii) Carbaryl 
b) Carboxylic 
i) Phenoxyacetic acid 
c) Chlorine containing 
i) Trichloroacetic acid 
Phenols : 
a) Catechol 
b) 4-Chlorophenol 
c) 1-Naphthol 
d) 2-Naphthol 
e) Phenol 
f) p-Nitrophenol 
g) Resorcinol 
Inorganic Compounds : 
a) Aluminium ammonium 
sulphate 
b) Ammonium sulphate 
c) Barium sulphate 
d) Calcium sulphate 
dehydrate 
e) Cupric sulphate 
f) Ferrous sulphide 
g) Hydrazine sulphate 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
WLBl 
NC 
NC 
NC 
LY 
LBl 
NC 
Y 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
Y 
Y 
DY 
NC 
LY 
VLY 
LY 
LY 
LY 
Y 
Y 
DY 
DY 
DY 
DY 
DY 
LY 
DY 
4-5 min 
Br 
Br 
DBr 
NC 
LBr 
Y 
LDrY 
LDrY 
DY 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Table 2 : Continued... 
10 
S.No. 
15. 
Test material 
h) Maganese sulphate 
i) Magnesium sulphate 
j) Nickel sulphate 
k) Potasium hydrogen 
sulphate 
1) Potasium sulphate 
m) Sulphur 
n) Sodium lauryl sulphate 
o) Sodium sulphate 
p) Sodium sulphide 
q) Sodium sulphite 
r) Sodium thiosulphate 
Leaves : 
a) Bakayan 
(Melia azedarach) 
b) Bathua 
{Chenopodium album) 
c) Mustard 
{Brassica campestris) 
d) Neem 
{Azadirachta indica) 
e) Onion 
(Alluim cepd) 
f) Papaya 
{Carica papaya) 
g) Potato 
(Solanum tuberosum) 
h) Tomato (Lycepersicon 
lycopersicum) 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
LY 
NC 
NC 
Ml 
NC 
NC 
GrY 
NC 
LBlGr 
LY 
Y 
LY 
LY* 
LY 
NC 
NC 
LY 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
DY 
DY 
VLGr 
GrY 
GrY 
GrY 
DY 
DY 
LY 
DY 
Br 
DY 
DY 
DY 
DY 
DY 
Y 
LY 
Y 
4-5 min 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
LY 
Br 
Br 
Br 
LBr 
DBr 
DBr 
Br 
DY 
LY 
DBr 
11 
Table 2 : Continued... 
S.No. 
16. 
17. 
Test material 
Soaps/Detergents : 
a) Arial 
b) Lifebouy 
c) Lux 
d) Nirma 
e) Surf 
f) Vim 
Soil Samples : 
a) Upper layer 
b) Middle layer 
c) Lower layer 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
DY 
LGrY 
GrY 
LY 
Y 
Y 
Y 
Y 
Y 
4-5 min 
Br 
Br 
Br 
DY 
Br 
DY 
Br 
Br 
Br 
* = Colour disappears in 5 min, Bl = Blue, Br = Brown, D = Dark, 
Dr = Dirty, Gr = Greenish, L = Light, Ml = Milky, NC = No colour, 
V = Very and Y = Yellow. 
12 
Table 3 : Detection of different materials at 35 ± VC. 
S.No. 
1. 
2. 
3. 
4. 
Test Material 
Acids : 
a) Barbituric acid 
b) Gallic acid 
c) Hippuric acid 
d) Isocitric acid 
e) Malic acid 
f) Phthalic acid 
g) Succinic acid 
h) Sulphanilic acid 
i) Tartaric acid 
Alcohols : 
a) l-Butanol 
b) 1-Ethanol 
c) Methanol 
d) 1-Propanol 
Aldehydes: 
a) Benzaldehyde 
b) 4-Dimethyl amino-
benzaldehyde 
c) m-Nitrobenzaldehyde 
d) Vanillin 
Amides: 
a) Dimethylformamide 
b) Salicylamide 
c) Thiourea 
d) Urea 
Technique 
TLC* 
Bubble 
SSm 
M 
IM 
-
SAF 
-
lAF 
-
lAF 
-
-
-
-
-
~ 
-
-
SAF 
SAF 
M 
lAF 
Spot 
Best 
Best (P) 
Best 
-
Best 
-
Good 
-
Good 
-
-
-
-
-
Brppt 
-
-
Better 
Better 
Best 
Better 
Watch-
glass 
Bubble 
lAF 
-
-
-
lAF 
-
lAF 
-
lAF 
-
-
-
-
-
-
-
-
-
-
M 
-
Capillary 
Bubble 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~ 
-
-
-
-
IM 
~ 
Contd. 
Table 3 : Continued... 
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S.No. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Test Material 
Amines: 
a) Aniline 
b) Diethylaniline 
c) Indole 
d Nicotine 
e) Trimethylamine 
Ether: 
a) Diethylether 
Heterocyclic Base : 
a) Pyridine 
Hydrocarbons: 
a) Benzene 
b) Carbontetrachloride 
c) Chlorobenzene 
d) o-Toluidine 
e) Paraffin 
Ketones: 
a) Acetone 
b) Acetophenone 
Mineral Acids : 
a) Hydrochloric acid 
b) Sulphuric acid 
Oils/Fats : 
a) Mustard oil 
b) Ghee 
Technique 
TLC* 
Bubble 
-
SAF 
lAF 
lAF 
SAF 
-
-
SAF 
-
-
-
SSm 
-
-
-
SAF 
SSm 
SAF 
Spot 
-
Best(DGr) 
Best (P) 
Better (Br) 
Best 
-
-
Best 
-
-
Good(Bl) 
Better 
-
-
-
Better 
Best 
Best 
Watch-
glass 
Bubble 
-
-
lAF 
lAF 
-
-
-
-
-
-
-
SAF 
-
-
-
-
SSm 
SAF 
Capillary 
Bubble 
-
-
SAF 
SAF 
-
-
-
-
-
-
-
-
-
-
-
-
SSm 
SAF 
Table 3 : Continued.. 
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S.No. 
12. 
13. 
14. 
Test Material 
Pesticides : 
a) Carbamates 
i) Bavistin 
ii) Carbaryl 
b) CarboKylic 
i) Phenoxyacetic acid 
c) Chlorine containing 
i) Trichloroacetic 
acid 
ii) Endosulfan 
d) Phosphorous containing 
i) Phamidon 
ii) Chlorpyriphos 
Phenols : 
a) Catechol 
b) I-Naphthol 
c) 2-Naphthol 
d) Phenol 
e) p-Nitrophenol 
f) Recorcinol 
Inorganic Compounds: 
a) Aluminium ainmonium 
sulphate 
b) Ammonium sulphate 
c) Barium sulphate 
d) Cupric sulphate 
e) Ferrous sulphate 
f) Hydrazine sulphate 
Technique 
TLC* 
Bubble 
-
SAP 
-
SAP 
SAP 
-
SSm 
SAP 
-
-
SAP 
-
-
SAP 
-
SAP 
ISm 
M 
IM 
Spot 
-
Good 
-
Better 
Good 
-
Best 
Better 
-
-
Good 
-
-
Best 
Best 
Best 
Best 
Best 
(Br-DY) 
Best 
Watch-
glass 
Bubble 
-
SAP 
-
-
SAP 
-
SSm 
SAP 
-
-
-
-
-
SAP 
-
-
-
-
M 
Capillary 
Bubble 
-
SAP 
-
-
SAP 
-
SSm 
SAP 
-
-
-
-
-
-
-
-
-
-
M 
Table 3 : Continued. 
15 
S.No. 
15. 
16. 
Test Material 
g) Maganese sulphate 
h) Magnesium sulphate 
i) Nickel sulphate 
j) Potasium hydrogen 
sulphate 
k) Potasium sulphate 
1) Sodium lauryl 
sulphate 
m) Sodium bicarbonate 
n) Sodium sulphate 
o) Sodium thiosulphate 
p) Zinc sulphate 
Leaves: 
a) Bakayan 
(Melia azedarach) 
b) Babool 
{Acacia nilotica) 
c) Neem 
{Azadirachta indica) 
d) Tulsi 
(Ocimum tenuiflorum) 
Soaps/Detei^ents/Pastes: 
a) Neem (soap) 
b) Nirma (detergent) 
c) Sunsilk(hairsampo) 
d) Vim (detergent) 
e) Anchor (tooth paste) 
Technique 
TLC* 
Bubble 
SAP 
SAP 
SAP 
SAP 
SAP 
-
SAP 
-
M 
lAF 
SM 
SSm 
SMSh 
SSm 
-
-
-
-
~ 
Spot 
Best 
Best 
Best 
Best 
Best 
-
Good 
-
Best 
Best 
Best 
Good 
Best 
Good 
Good 
Good 
-
Better 
Best 
Watch-
glass 
Bubble 
_ 
SAP 
-
-
SAPSh 
-
-
-
IM 
-
SM 
SSm 
M 
SSm 
SAP 
SAP 
-
SAP 
SAP 
Capillary 
Bubble 
_ 
-
-
-
-
-
-
IM 
-
SM 
SSm 
IM 
SSm 
SAP 
SAP 
-
SAP 
SAP 
16 
Table 3 : Continued... 
S.No. 
17. 
Test Material 
f) Close-up (tooth paste) 
g) Palmolive (soap) 
Soils : 
a) Upper layer 
b) Middle layer 
c) Lower layer 
Technique 
TLC* 
Bubble 
SAF 
SAF 
Spot 
Good 
Good 
Watch-
glass 
Bubble 
SAF 
SAF 
Capillary 
Bubble 
SAF 
SAF 
AF = A few bubbles appear, Bl = Blue, Br = Brown, D = Dark, Gr = Green, 
I = Immediately, M = Many bubbles appear, P = Pink, ppt = precipitates, 
S = Slowly, Sh = Shiny, Sm = Some bubbles appear, TLC = Thin-layer 
chromatography, Y = Yellow and * = On 0.5 mm coating of Tio2. 
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ABSTRACT 
The use of pesticides helped in the eradication of diseases such as 
malaria and typhus and also in boosting crop production. About 500 species 
of pesticides out of world total of 5.0 million are harmful to agricultural 
crops which are also carriers of human or animal diseases. Their control is 
essential in the interest of food production and also public health. This is 
achieved by insecticides. Similarly fungicides are widely used in agriculture 
and also in human or animal for fungus control. In the agriculture sector it is 
estimated that even after regular use of pesticides, pests continue to cause 
annual losses of about 21 billion dollars on a global scale. It is also reported 
that there is appreciable concentration of pesticides residues in flora and 
fauna and moreover in certain birds, mammals and human beings. 
Therefore, the research work presented in this thesis is related to 
synthesis of some new pesticides and to develop simple and inexpensive 
methods of analysis and to apply them in the analyses of pesticides residues 
in flora and fauna. The research work has been described in the form of six 
chapters in this thesis. 
In Chapter I, different types of pesticides, their mode of action and their 
uses have been summarized in tabular form. The synthesis and 
characterization of some new dithiocarbamates of Zn(II), Mn(II), Fe(III) and 
Cu(II). Fungicidal studies of these newly synthesized compounds are also 
described in Chapter II. Chapter III deals with the synthesis and some 
properties of zirconium diethyldithiocarbamate. A new spot test and its 
application in detection of the dithiocarbamates residues are discussed in 
K 
Chapter IV. Another new spot test for the detection of dithiocarbamate 
fungicides in soil, vegetation and water is described in Chapter V. The next 
Chapter VI deals with the pesticide analysis based on thin-layer 
chromatography. A comparative analytical potential of several stationary 
phases is also discussed in this chapter. 
CHAPTER - I 
General Introduction 
A. PESTICIDES 
Numerous chemicals^"^^ are being used as fertilizers, plant growth 
regulators, defoliants, pesticides, insecticides, weedicides, fungicides etc. in 
the form of granules, dusts, powders and sprays in order to increase the 
production of agricultural farms. Man and animal are exposed to these 
chemicals during manufacture, distribution, application, consumption of food 
adulterated with them or through ecological distribution. During about last 
fifty years, over a thousand basic chemicals have been prepared in order to 
kill rodents, insects, pests, fungi, weeds, molluscs, nematodes and other 
organisms. These chemicals are generally known as pesticides. 
Literature survey shows that Pliny proposed the use of arsenic to kill 
insects as early as about 70 A.D. The Chinese used arsenic sulphide in the late 
sixteenth century. Since the early nineteenth century, certain inorganic 
compounds like lead arsenate, Paris green (copper arsenite and acetate), 
sodium fluosilicate, zinc phosphide etc. have been used as insecticides. It was 
not realised at that time that arsenical pesticides could persist in soil upto 
forty years. The era of synthetic organic pesticides began around 1940. The 
commonly known insecticide DDT was originally synthesized in 1874 and 
rediscovered as an insecticide in 1939. DDT was soon followed by 
benzenehexachloride (BHC). Since then thousands of compounds have been 
synthesized and used in agricultural farms. 
Besides numerous research papers, many books and reviews have been 
published on agrochemical levels in various components of the environment 
and their effects. Some agrochemicals and their hazardous effects on human 
health are summarised in Tables 1.1 and 1.2 . R. Carson, through his book 
"SILENT SPRING", first stimulated an awareness of the need of research by 
describing the potential hazards of persistent pesticides. 
David Bull and his co-authors, in a well documented book 
"A Growing Problem-Pesticides and the Third World Poor", have discussed 
many aspects of the problem 'T/je Growing Agrochemicals Hazards". The 
findings of the authors deserve the utmost attention of planners, 
academicians, bureaucrats, manufacturers, dealers, public health officials, 
voluntary agencies for rural development, farmers, service societies, 
communicators, mediamen, agriculturists and home gardeners. About 10,000 
people die of pesticide poisoning every year in the third world, according to 
the report of International Development Research Centre (IDRC). There are 
about 7,50,000 cases of pesticide poisoning all over the world annually 
resulting in about 14,000 deaths, of these roughly 3,75,000 cases occur in 
the third world claiming some 10,000 lives in the countries where medical 
treatments and antidotes were available. Pesticides have overtaken endemic 
diseases as a cause of death in many third world countries and it is becoming 
the most pervasive occupational hazard in the developing nations. These 
figures refer only to acute poisoning where death or sickness occurs rapidly 
after exposure over a short period and do not include long term effects such 
as cancer, sterility, birth defects and debility in general. Our daily newspapers 
are also revealing the seriousness of the problem by publishing following 
types of news: 
i) Pesticides doing more harm than good 
ii) Pesticides cause nervous disorders 
iii) Environmental planning in India 
iv) Poisoning on wide scale 
v) India on the brink of pesticide treadmill 
vi) Cocktails-harmful in the long run 
vii) Hazards of drinking water 
viii) Toxic pesticides 
ix) Envu-onmental pollution and human health 
x) Birds' behaviour becomes erratic, irregular 
xi) Pesticides and human welfare 
xii) Environmental data units to be set up 
xiii) Pesticides a big killer in the third world 
Thus chemical crop protection is a profit induced poisoning of the 
environment. However, agrochemicals no matter whether they are organic or 
inorganic, have brought green revolution but they have also polluted air, soil, 
water resources, flora and fauna. 
B. CLASSIFICATION OF PESTICIDES 
The pesticides have been classified as follows : 
1. Inorganic Pesticides : 
About A.D. 70 Pliny the Elder recommended that arsenic could be used 
to kill insects, and the Chinese used arsenic sulphide as an insecticide as 
early as the late sixteenth century. Other inorganic products used as 
pesticides contain antimony, boron, copper, fluorine, manganese, mercury, 
selenium, sulphur, thallium, tin and zinc as their active ingredients. Although 
these products are not very effective for pesticidal use, many are so 
persistent in the soil that there are instances as of crops being damaged by 
their residues in the soil (Table 1.1). 
2. Organic Pesticides : 
The era of organic pesticides began from 1940. These chemicals are so 
successful in controlling the pests that there is extremely rapid and general 
adoption of them and development of new ones. This has progressed so 
rapidly, that today about 1500 pesticides in the form of 10,000 formulations 
are in common use around the world. Some of the commonly used pesticides 
are given below (Table 1.2) : 
a) Carboxylic acid derivatives : TCA, dalapon, 2,4-D, 2,4,5-T etc. 
b) Heterocyclic compounds : benomyl, carboxin, metalaxyl etc. 
c) Organochlorines : aldrin, BHC, DDT, endosulfan, heptachlor etc. 
d) Organonitrogens : baygon, carbaryl, carbofuran, dinocap etc. 
e) Organonitrogensulphurs : captafol, captan, folpet etc. 
f) Organophosphates : bromophos, malathion, parathion, phosphamidon etc. 
3. Organic Pesticides Containing Metal Ions (OPCM) : 
It is relatively less familiar class of pesticides. The activity of these 
pesticides depends on the chelating action of the metal ion as well as the 
activity of the organic matrix. Some of the organic pesticides containing 
metal ions (OPCM) are given in Table 1.3. 
C. DITHIOCARBAMATE PESTICIDES 
Amongst OPCM mentioned above, the heavy metal complexes of 
dithiocarbamate are well known fungicides. Tisdale first demonstrated the 
fungicidal possibilities of the dithiocarbamate (thiram) in 1931 in the 
laboratory of E.I. Du Pont Company, U.S.A. but the commercial production 
started about a decade later. 
It is employed in every use, i.e. contact, protective, eradicative known 
for fungicides except systemic action. It is widely used on vegetables like 
lettuce, peanuts, potatoes, tomatoes and brinjals; fruits like apples, figs, 
grapes, peaches and pears; crops like cotton, maize, paddy and wheat; 
ornamentals like chrysanthemums, black currants, carnations etc. to control 
diseases like early and late blight, gall, mildew, leaf spot, rust, scab, smut etc. 
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Table 1.3 : Chemical structure and mode of action of some organic 
pesticides containing metal ions. 
S. 
No. 
Pesticides Properties 
AUoxydim-sodium 
ONa 
0 = C-0CH3 
Aluminium phosethyl 
N-0-CH2-CH = CH2 
H 
I 
C , H , 0 - P - 0 -
II 
o 
Al 
3. Azocyclotin 
Sn-N 
Calcium cyanamide 
Ca = N - C s N 
a) Colourless crystals 
b) 2250 - 2560, > 1630 
c) Selective, systemic herbicide 
a) Colourless crystals 
b) 5800, >3200 
c) Systemic fungicide 
a) Colourless crystals 
b) 99, >1000 
c) Contact acaricide 
a) Grey powder 
b) 765, -
c) Herbicide, fungicide and defoliant 
Contd, 
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Table 1J: Continued. 
S. 
No. 
Pesticides Properties 
5. Dikegulac-sodium 
0 O 
3 c r : H 3 
Ov 
Q COONa 
H3C CH3 
6. Disodium methanearsonate 
? -ONa 
CH,-As'^ 
^ONa 
Fenaminosulf 
3 ) 2 N - / ^ > - N = N -
8. 
(CH3). 
Fentin acetate 
SO,Na 
AcOSn / \ 
v^  
a) Colourless crystals 
b) 31000, > 2000 
c) Systemic plant growth regulator 
a) Colourless crystals 
b) 1000, -
c) Selective post-emergence 
herbicide 
a) Yellow brown crystalline powder 
b) 60, 100 
c) Seed and soil fungicide 
a) Colourless crystals 
b) 125-160, 450 
c) Non systemic leaf-fungicide, 
algicide and molluscicide 
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Table 1.3: Continued 
s. 
No. 
9. 
10. 
11. 
12. 
Pesticides 
Ferbam 
S 
HjC^ II 
^ N - C - S -
H3C 
Fe 
3 
Mancozeb 
H S 
1 II 
C H . - N - C - S -
1 
C H , - N - C - S - M n -
1 II 
H S 
(Zn)^ , 
X 
Maneb 
H S 
1 II 
C H - , - N - C - S -
1 
C H , - N - C - S -
1 11 
H S 
Mn 
X 
(x>l) 
2-Methoxyethylmercury chloride 
CH3O - CH2 - CH, - Hg - Cl 
a) 
b) 
c) 
a) 
b) 
c) 
a) 
b) 
c) 
a) 
b) 
c) 
Properties 
Black powder 
4000-17000, -
Protective leaf-fungicide 
Greyish - yellow powder 
5000,> 10000 
Protective leaf-fungicide 
Yellow amorphous powder 
7500, > 5000 
Protective leaf-fungicide 
Colourless crystals 
570,-
Systemic fungicide 
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Table 1 3 : Continued. 
S. 
No. 
Pesticides Properties 
13. 
14. 
15, 
16. 
Metham - sodium 
H j C - N - C - S N a 
I II 
H S 
Methyl-metiram 
7 H H I I 
H j C - C - N - C - S -
I I 
H j C - N - C - S - Z n C N H , ) -
I II 
H S 
H 
1 
H3C-C-
1 
HjC-
H 
1 
-N-
1 
-N-
S 
II 
-c-
-c-
-s-
-s-
H S 
Metirani 
H s 
I II 
H , C - N - C - S -
I 
H S 
I II 
H , C - N - C - S -
I I 
H j C - N - C - S - Z n C N H j ) - H j C - N - C - S -
I 
H 
II 
S 
a) Colourless crystals 
b) 820,97 
c) Nematicide, fungicide, 
insecticide and herbicide 
a) Pale yellow powder 
b) 1540,-
c) Protective leaf-fungicide 
and acaricide 
(X>1) 
a) Yellow powder 
b) 10000, > 2000 
c) Protective leaf-fungicide 
X 
(X>1) 
Nabam 
H s 
I II 
H , C - N - C - S - N a 
I 
H 2 C - N - C - S - N a 
H 
II 
S 
a) Colourless crystals 
b) 395, -
c) Protective fungicide and 
algicide 
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Table 1.3: Continued 
S. 
No. 
Pesticides Properties 
17. 
18. 
19. 
20. 
Naptalam 
Phenylmercury acetate 
/ \ Hg-O-COCH, 
Potassium cyanate 
K-N = C = 0 
Propineb 
H H 
1 1 
H 3 C - C - N -
1 1 
H , C ' N -
1 
H 
S 
II 
-c-s-
-c -s -
II 
s 
Zn 
X 
(X>1) 
a) White crystals 
b) 1900, -
c) Selective pre-emergence 
herbicide 
a) Pale yellow powder 
b) 50-100, -
c) Eradicative fungicide 
a) Colourless crystals 
b) 841,-
c) Herbicide 
a) Pale yellow powder 
b) 8500, > 1000 
c) Protective leaf-fungicide 
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Table 13: Continued. 
s. 
No. 
21. 
22. 
Pesticides 
Zineb 
H S 
1 II 
H , C - N - C - S -
1 
H , C - N - C - S -
1 11 
H S 
Zn 
-X 
(X>1) 
Ziram 
S 
HjC^ II 
^ N - C - S -
rijy 
Zn2-
2 
a) 
b) 
c) 
a) 
b) 
c) 
Properties 
Light coloured powder 
> 5200,> 10000 
Protective leaf-fungicide 
White powder 
1400,> 20000 
Protective leaf-fiingicide 
and repellant 
a) Physical appearance 
b) Acute oral LDj^  (rats) and acute dermal LD^ ^ (rats) in mg/kg 
c) Mode ©faction 
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It is used in seed and soil treatment. It is also known to use as topical 
ointment to cure dermatophytoses. 
1. General Chemistry and Classification : 
The fundamental building block of dithiocarbamate fungicides is 
dithiocarbamic acid. However, the dithiocarbamic acid itself is not known to 
exist in the free state since they quickly decompose to simple molecules i.e. 
carbon disulphide and ammonia. 
H S - C - N H 2 • ^ CS2 + NH3 
When the substituted primary or secondary aliphatic or aromatic amines 
are treated with carbon disulphide in alkaline solutions, substituted 
dithiocarbamic acids are produced. Ri and R2 represent aryl or alkyl organic radicals 
R, 
R2 
^ N H + CS2 
R / II 
^ s 
or in the case of primary amine, one of them may happen to be hydrogen. The 
hydrogen attached to sulphur dissociates and may be replaced by a metal 
having atomic number > 20, thus producing a stable dithiocarbamates. 
Ri 
VcSH 
R / II 
^ S 
metal salt Ri 
R / II 
^ s 
M+x 
20 
Table 1.4 : Classincation of dithiocarbamates. 
Group 
I 
II 
Chemical designation 
Dialkyldithiocarbamate 
Bisdithiocarbamate 
Monomethyldithiocarbamate 
Types of derivatives 
Metal Derivatives 
Na salt (no common name) 
Zn complex (ziram) 
Fe complex (ferbam) 
Oxidation Product 
S-S linkage (thiram) 
• Metal Derivatives 
Na salt (nabam) 
Zn complex (zineb) 
Mn complex (maneb) 
Mixed complex (mancozeb) 
Metal Derivatives 
Na salt (metham-Na) 
As shown in Table 1.4, dithiocarbamates can be divided into two main 
groups : Group I and Group II. The most noteworthy difference between them 
being that the members of Group I do not have a H- atom attached to 
carbamate -N while members of Group II have a H- atom attached to the 
carbamate -N. 
The fungicides of Group I have been further divided into two subgroups: 
a) metal salts or metal complexes of dialkyldithiocarbamic acid e.g. 
ferbam, ziram (9, 22 : Table 1.3) 
b) oxidation product of derivatives of dimethyldithiocarbamic acid e.g. 
thiram. 
Diethyl analogues of this subgroup are medically used to treat alcoholics. 
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The fungicides in Group II are ethylene derivatives. Among them, few 
are salts like metham-sodium, nabam (13, 16 : Table 1.3) while other are 
metal complexes like mancozeb, maneb, zineb (10, 11,21 : Table 1.3). 
Mostly all forms of dithiocarbamates are biologically interconvertible 
as sulphide forms which can be reduced to thiol or sulphur, thus dissociating 
the metal complexes. The dithiocarbamates fungicides are less persistent 
(relative to organochlorine pesticides); however, there are evidences that they 
are persistent enough to have an effect on the aquatic environment. These 
fungicides tend to be somewhat unstable to heat, light and moisture. 
Solubility of these fungicides is very low in water and most organic solvents. 
2. Mode of Action ; 
Despite the chemical similarities, there are evidences that 
dialkyldithiocarbamates and ethylenebisdithiocarbamates do not act in the 
same way. This difference is often attributed to reactivity associated with the 
N-H bond present in Group II complexes. The dialkyldithiocarbamates 
(Group I) interfere with energy production i.e. reduction in the production of 
ATP for instance; inhibition of respiration. They also interfere with 
biosynthesis i.e. the disruption of processes forming new cellular materials 
needed for the growth and maintenance of the fungus while 
ethylenebisdithiocarbamates interfere with the biosynthesis process. Various 
theories have been proposed to explain the mode of action of dithiocarbamate 
fungicides but none of them explain the mechanism of fungicidal action 
satisfactorily. The chelation theory is one of the generally accepted theories. 
a) Dialkyldithiocarbamates : The dialkyldithiocarbamates probably owe 
their fungitoxicity to their ability to chelate with certain metal ions, thus 
depriving the cell of the needed metal ion. Recent information however 
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indicates that a heavy metal ion is required for the high toxicity of these 
fungicides. Studies with the fungus Aspergillus niger have demonstrated that 
in the presence of Cu^ "^  ions, an increase in the concentration of sodium 
dimethyldithiocarbamate inhibits the growth at two levels : 
i) When copper to dithiocarbamate ratio is reasonably high (approximately 
20:1) the formation of unsaturated, positively charged copper : 
dithiocarbamate complex (1:1) takes place. These complexes penetrate 
lipid barriers in the fungal cell and may be the ultimate toxicant or 
alternatively it may be converted into free dimethyldithiocarbamate ions, 
which kill the fungus by readily complexing with vital trace metals. For 
example, it interferes in the uptake of oxygen in yeast cells and it has 
also been shown that pyruvate accumulates in Asperegillus niger after 
treatment with sodium dimethyldithiocarbamate, thus fungicidal activity 
arises from interference with respiration by inactivation of the pyruvate 
dehydrogenase system. 
N - C ,^Cu-
i) The charged resonating 1:1 complex between 
Cu ions and dimethyldithiocarbamate 
ii) When the concentration of dithiocarbamate is further increased the 
fungicidal activity decreases due to the formation of saturated, 
uncharged copper : dithiocarbamate complex (1:2). This inhibition level 
requires high concentration of dimethyldithiocarbamate. When all the 
internal heavy metals have been converted to dithiocarbamate complex (1:2), 
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excess dithiocarbamate accumulates and is apparently toxic in its own 
right, perhaps by inactivating sulphydryl enzymes. 
N - r .Cu ^ C - N 
H3C/ ^S^ N ^ ^CH3 
ii) The uncharged 1:2 complex between Cu ions 
and dimethyldithiocarbamate 
b) Ethylenebisdithiocarbamate : The presence of hydrogen at the 
nitrogen in a dithiocarbamate structure considerably reduces the chemical 
stability of the ethylenebisdithiocarbamates. The mode of action of this 
complex probably involves their oxidation on the leaf surface to such 
products as ethylene thiuram disulphide, ethylene thiuram monosulphide, 
isothiocyanate (fungitoxic derivatives) by splitting off H2S or HS ions 
(Figure 1.1). 
H S 
R - N - C - S H ^ = ^ H2S + R - N = C = S 
H S 
t 11 
R _ N - C - S ~ V. "^  HS" + R - N = C = S 
Especially in the presence of heavy metal ions these equilibria are 
forced to the right because of the formation of insoluble metal sulphides. 
These fungitoxic derivatives are known to be fungicidal by virtue of their 
ability to react with vital thiol compounds within the fungal cells and it has 
been demonstrated that the inhibitory action of nabam on fungal spore 
germination is strongly antagonized by the addition of thiols. 
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H S 
I II 
C H 2 - N - C - S - H 
C H , - N - C - S - H 
^ I II 
H S 
Ethylenebisdithiocarbamate 
(as free acid) 
Oxidation 
H S 
I II 
C H j - N - C - S 
C H , - N - C - S 
^ I II 
H S 
Ethylene thiuram disulphide 
i 
•HoS CH,-N-Cv< „' 
I ^ -^S 
^ I II 
H S 
Ethylene thiuram monosulphide 
Ring opening 
CH2-N = C = S 
C H , - N - C - S H 
^ I II 
H S 
-HjS 
CH,-N = C = S 
I ^ 
CH2-N = C = S 
Ethylene diisothiocyanate 
+ 
HS - Enzyme 
H S 
I II 
CH2-N - C - S - Enzyme 
CH2-N = C = S 
Figure 1.1 : Possible fungitoxic derivatives of ethylenebisdithiocarbamates 
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3. Biochemical Action : 
The recently reported papers in this area are summarized in the 
following paragraphs : 
Das et fl/.^-'have evaluated the fungicidal action against Colletotrichum 
gloeosporioides inciting blossom blight of mango. Out of the eight 
competitive fungicides evaluated in vitro condition against the casual 
organism of mango blossom blight indicated that ridomil MZ-72 (metalaxyl 
+ mancozeb) completely inhibits the linear mycelial growth at 250 ^ig/mL. 
Mancozeb, copper oxychloride and thiram behaved as moderately effective 
even at 500 ^ig/mL. 
Naidu and Rao^ "* have studied the relative efficacy of a number of sprays 
of fungicides on the control of late leaf spot in groundnut. The spray schedule 
consisting of two sprays (T2) and three sprays (T3) of mancozeb 0.25% + 
carbendazim 0.1%, were significantly superior over control in reducing the 
late leaf spot severity and increasing pod and haulm yields. The spray schedule 
in T3 was found to be the best with the lowest disease severity and highest pod 
and haulm yields. The maximum pod and haulm yields incremental benefit 
cost ratio was obtained and it is suggested that treatment of late leaf spot of 
groundnut can economically be controlled by T3 spray at 15 days interval. 
Thus, it is a suitable treatment for recommendation to farmers. 
Control of blast disease^^ caused by Pyricularia grisea with 
ediphenphos or IBP or carbendazim and also with subsequent sprays of 
mancozeb and captan has been studied using a susceptible ragi variety. All of 
the fungicidal treatments and the combination sprays decrease infection and 
improve yield in comparison to control. An initial spray of carbendazim (0.05%) 
and subsequent spraying with mancozeb (0.2%). 10 days later is 
recommended for the effective disease control. 
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labka et al. ^^ have studied biochemical alterations in Bradyrhizobium 
species USDA 3187 induced by the fungicide, mancozeb which causes 50% 
decrease in the growth rate and affects the bacteria-root symbiotic 
interaction. In order to elucidate the fungicide toxicity mechanism, they 
determined the effects of mancozeb on cell chemical component, glutathione 
(GSH) content (molecule involved in the detoxification process), glutathione-
s-transferase (GST) activity and the contents of polyamines, 
exopolysaccharides, capsular polysaccharides and liposaccharides. Mancozeb 
produces biochemical alterations in membrane components, polysaccharides 
and polyamines. Inspite of an increase in GSH content and GST activity, they 
are not enough to prevent the growth diminution. Andres et al}^ have reported 
the survival and symbiotic properties of Bradyrhizobium japonicum in the 
presence of thiram, some of which maintained their capacity for nodulation 
and were still efficient symbionts while some looses the ability to stimulate 
nodulation. 
Lia'* has invented ELISA methods for the measurements of NO levels in 
mammalian body fluids utilizing monoclonal antibodies directed against 
dithiocarbamates and related iron complexes. It has been found that 
conjugation of dithiocarbamates to a macromolecule produces immunogenic 
dithiocarbamate-macromolecule derivatives. These derivatives can be used 
for the production (e.g. in rodents) of monoclonal antibodies directed against 
different forms of dithiocarbamate (e.g. free dithiocarbamate, as well as 
complexes). In contrast, non-derivatized dithiocarbamates alone are not 
immunogenic. The simple, easy and non invasive ELISA method will find a 
variety of uses e.g. for diagnosis and monitoring of NO overproduction that 
has been associated with many inflammatory and infectious diseases. 
27 
Martinez et aO^ have investigated the blockade of T-cells activation by 
dithiocarbamates which involves novel mechanisms of inhibition of their 
nuclear factor. In addition to inhibitory effect of dithiocarbamate on nuclear 
factor of T-cells they are also used as immunosuppressants. Yamaguchi and 
Hansinger^" have studied the substitution of the Klebsiella aerogenes urease 
active site carbamate (apoprotein) by dithiocarbamate and vandate in vitro. 
Ardito et al?^ have analyzed two fungicides, thiram and ziram which are 
amongst the most common residues found in fruits and vegetables. These 
compounds were tested in vitro lymphocyte cultures from 16 individuals, at 
different concentrations (thiram 5x10"^ M, 5x10'^ M, 5x10'^ M and ziram 
1x10"' M, 1x10'^ M, 1x10"^ M) in order to ascertain if they were able to 
modify sister chromatid exchange (SCE) and/or micronuclei frequencies. 
Both fungicides produced a significant increase in SCE and micronuclei 
frequencies. The two high doses of thiram and ziram were found to be 
cytotoxic for most of the individuals and were not included in the statistical 
analysis. With regard to the proliferation rate index (i.e. the number of P*, 
2"'', 3'"'* or more mitosis) no difference was found between controls and 
treated cultures. 
Fifteen dithiocarbamates^^ were prepared and screened in rats for 
hypoglycemic activity and in vitro for antioxidant activity. One of them, 
sodium diethyldithiocarbamate, given orally at 400 mg/kg, lowered glucose 
levels in blood and its antioxidant activity was in the range of ascorbic acid. 
Guven et alP have studied the accumulation and histological effects of 
propineb and maneb in the kidneys of fetus and female Wistar rats during 
pregnancy. The analysis of zinc and manganese concentrations (using 
inductively coupled plasma-atomic emission spectroscopy) in the kidneys of 
the pregnant females exposed to these fungicides during pregnancy 
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demonstrated that the metal concentrations in the kidney were higher than 
those of controls. However, the renal metal concentrations, was significantly 
increased in the litters subjected to the fungicides during gestation, 
indicating that high levels of the trace metals in the organ of the fetus may 
well be due to the fungicides easily passing the placental barrier. 
Vaccari et al?'^ have studied the effect of dithiocarbamate pesticides on 
glutamate transport in brain synaptic vesicles of rat. Kuroki et al?^ have 
studied the degeneration of hair follicle epithelia in the dorsal skin of Wistar-
derived inbred hypotrichotic rats (WBN/ILA-Ht) induced by maneb. The 
dorsal skin was topically treated with 0.5% and 30% solution of maneb for 7 
consecutive days and was examined histopathologically in WBN/ILA-Ht. At 
day one after cessation of the treatments, except for the slight inflammatory 
cell infiltration around hair follicles, no prominent histopathological changes 
were found. Two weeks after cessation of the treatment, prominent 
degeneration of epithelial cells characterized by karyorrhexis was found in 
the epithelial root sheath of hair follicles and the nuclei of such epithelial 
cells were strongly stained by the TUNEL method. Thus maneb caused 
delayed type lesions in the epithelial root sheath of the hair follicles due to 
apoptosis. 
Zhang and Talalay^^ have investigated the mechanism of differential 
potencies of isothiocyanates as inducers of anticarcinogenic phase II 
enzymes. A number of isothiocyanates block chemical carcinogenesis in a 
variety of animal models by inhibiting phase I enzymes involved in carcinogen 
activation and by inducing phase II enzymes that accelerate the inactivation of 
carcinogens. There are large but unexplained potency differences among 
individual isothiocyanates. It has been suggested that the intracellular 
accumulation of isothiocyanates or dithiocarbamates is temperature. 
29 
structure and glutathione dependent. Glutathione is considered to play several 
roles in the induction process. Hurley et al?^ have reported the mode of 
carcinogenic action of pesticides inducing thyroid follicular cell tumors in 
rodents. It was found that ethylene thiourea and mancozeb were thyroid 
peroxidase inhibitors. 
Erol et al}^ have studied the synthesis and antimicrobial activities of 
some dithiocarbamate derivatives of kojic acid. Tripathi et alP have reported 
the synthesis and spermicidal activities of several different esters of N,N-
diethyldithiocarbamic acid. Ramesh et al}^ have studied antifungal activity of 
Ru(III) complexes with heterocyclic dithiocarbamates. 
4. Synthesis : 
Yin et al}^ synthesized ten new tributyltin dithiocarbamates via the 
reaction of tributyltinchloride with dithiocarbamates and characterized by 
elemental analysis, IR, H^ NMR, UV and TG-DTA. They also tested 
preliminary bioassays of some components. 
Yin et al}'^ synthesized twelve di-n-butyltin (IV) complexes of 
bidithiocarbamate Bu2Sn (S2CNRR)2 and characterized by elemental analysis, 
IR, UR, 'H NMR and TG-DTA measurements. The results revealed the 
dithiocarbamate ligands are in bidentate coordination with Sn. Preliminary in 
vitro biological activity tests showed some of them were obviously effective 
against Psgg cells. 
Bardaji et al.^^ synthesized trinuclear Au(I) complexes namely 
[Au3 (n-dpmp) (S2CNR2)nCl3-n] (n=0-3; R=Me, CHjPh), [AujC^-dpmp) 
( i^-SjCNR^) CI] (CF3SO3) (R=Me, CHsPh), and [Au3()i-dpmp) (n-SjCNMes) 
(CeFs)] X (X = CI = CI, CF3SO3), containing the triphosphine dpmp 
[bis(diphenyl phosphinomethyl) phenylphosphine] and varying amounts of 
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dithiocarbamate. NMR experiments shows fluxional behaviour in solution for 
most of these derivatives because several arrangements of the ligands are 
possible. The crystal structure of [(n-dpmp) (AuCl)3] was determined by 
X-ray diffraction studies; the molecule displays mirror symmetry and 
involves an angular arrangement of the Au atoms [Au-Au-Au 119.603 (14)°, 
Au-Au 3.3709 (4)A]. They studied the optical properties of these derivatives 
in the solid state, finding a red shift as a function of the dithiocarbamate 
number and, for some derivatives, wavelength-dependent emission spectra at 
low temperature. 
Ivanchenko et al}^ synthesized a new mixed-ligand complex, 
Cd(S2CNBu2)2(2,2'-Bipy) and performed a polycrystal X-ray diffraction 
analysis (DR0N-3M and DRON-UMI diffractometers, CuK^ radiation, 
Ni filter) and determined the crystal structure [Enraf-Nonius CAD-4 
automatic diffractometer, MoK^ radiation, 2440 nonzero independent 
reflections, 153 refined structural parameters, R is 0.11 for I > 2a (I)]. 
Crystal data for C28H44CdN4S4 : a 28.716(4), b 6.848 (6), C 17.188(2) A°, 
space group Pcca, Z=4, M=679.42, dc=1.335 g/cm^. The structure consists 
of monomeric molecules in which the Cd atom has a distorted octahedral 
environment. The polycrystal diffraction analysis revealed that the complex is 
isostructural with the defined complex Zn (S2CNBu2)2 (2, 2'-Bipy). A crystal-
chemistry search on metal dialkyldithiocarbamates in the Cambridge 
Structural Database was accomplished and isostructural pairs of Zn and Cd 
metal complexes were found. 
Vasiliev et al}^ prepared pdf bioactive potassium (l,l-dioxothioIan-3-yl) 
dithiocarbamate in high yield and puried by the reaction of 3-sulfolene with 
CaO and NH4OH to give 3-aminothiolane 1,1-dioxide which was treated with 
CS2 and KOH. 
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Sugimoto et a/. ^ ^ prepared two triangular tripalladium compounds, 
[Pd3(n3-Cl)2 (HqnS)6] CI2 (l,HqnS = quinoline-2-(lH)-thione) and [PdjCug-COz 
(Et2dtc)2 (PPh3)2]. CeHg (2,Et2dtc = N, N'-diethyldithiocarbamate anion), were 
prepared. Their single crystal X-ray structure analyses revealed they have a 
similar trigonal bipyramidal framework of Pd3 (^3-01)2 with two chlorine 
atoms in apical positions. Each Pd atom in all clustures has two additional 
coordination sites to establish a square planar, Cis-Pd L2 (|i3-Cl)2 geometry. 
In compound 1, six sulphur atoms of six HqnS ligands with thione form are 
coordinated to the vacant sites of the Pd3(|i3-Cl)2 core. Two coordination sites 
of one of the three Pd atoms in 2 are occupied by two triphenylphosphines 
and those of the other two are coordinated by two S atoms of Et2dtc. Although 
both compounds have fifty valence electrons, only one shows paramagnetic 
behaviour. Crystallogical data are as follows : 1, space group triclinic, PI, 
a 14.988 (5), b 17.328(3), c 12.642(1) A°, a 93.61(1), p 96.06(2), 
Y 71.79(2)°, and Z = 2; 2, Pd3Cl2P2S4N2C52H56; monoclinic, P2i, a 12.278(5), 
b 17.426(6), c 12.630(3) A°, p 94.65(3)°, and Z = 2. 
Abram" formed the [Au(Et2dtc)2] [TCNCI4] (Et2dtc = N, N-
diethyldithiocarbamate) by the reaction of [Au(Co)Cl] with [TcN(Et2dtc)2] in 
CH2CI2. The solid-state structure of the compound is characterized by a large 
triclinic unit cell (space group PI a = 9.422(2), b = 22.594 (5), 
C=32.153(7)A°, a = 72.64(1), p = 85.19 (1), y = 86.15(1)°, Z = 12, 
Cc = 2.290 g/cm^, \x ( M Q K J = 8.275 mm'^ 12.051 observed reflections with 
I > 2a (I), 1249 refined parameters, Ri = 0.0456, WR2 = 0.0865) and shows 
an unusual arrangement due to long-range contacts between the Tc and S atoms 
of the [Au(Et2dtc)2]^ units (3.45-3.56 A°) which assemble two anions and one 
cation to {[TcNC^] [Au (Et2dtc)2]. [TcNC^JI'moieties. 
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Wessel et al}^ synthesized perfluoroorgano esters of the 
diethyldithiocarbamic acid and metal diethyldithiocarbamates, Ag SC(S) NEt2 
and Cd[SC(S) NEt2]2 by the reaction of tetraethylthiuram disulfide with 
perfluoroorgano silver (I), AgRf, and perfluoroorgano cadmium compounds, 
Cd(Rf)2> under different conditions. The mechanism of the reactions with the 
AgRf and Cd(Rf)2 are discussed. 
Yin et al}^ synthesized ten new triphenylgermanium dithiocarbamates, 
PhjGeSjCNRj (R=Me, Et, Ph etc.) by the reaction of PhaGeCl with R2NCS2M 
and were characterized by elemental analysis, IR, ^H NMR and MS. 
Preliminary study of their biological activity showed that some of them are 
proved to be considerably effective against KB.HcT and Bel Cells in vitro. 
Sharma et al^^ synthesized some new monoorganodichlorotin (IV) 
complexes of heterocyclic dithiocarbamates RCl2Sn[S2CNCH2CH2(X) CH2-CH2] 
(R=Bu, Ph; X = CH2, CHMe, NMe and O) by the reactions of monoorganotin (TV) 
trichloride with the Na salt of heterocyclic dithiocarbamates in 1:1 molar 
ratio in refluxing benzene solution. These complexes were characterized on 
the basis of elemental analyses, molecular weight measurements, IR and NMR 
( ' H , ^^C and '^'Sn) spectral studies. These complexes are proposed to have 
trigonal bipyramidal geometries with two CI ligands in the axial positions. 
Cao et al.^^ synthesized two W-Cu-Se compounds, [Et4N]2 [WCu3Se4 
(Et2NCS2)3] (1) and [Et4N]2 [WCu4Se4 (Me2NCS2)4](2). [Et4N]2 [WCu3Se4 
(Et2-NCS2)3](l) by the reaction of [Et4N]2 [WSe4] with three equivalent of 
CuCl in presence of NaS2CNR2 (R=Me,Et) and crystallizes in the 
orthorhombic space group P2i2i2i with a 12.976(3), b 13.336(3) and 
c 29.738(6) A°, Z = 4. Full anisotropic refinement of the structure led to 
convergence at R=0.061 (R^ = 0.070) for 453 variables and 5913 reflections 
with F > 4.0a(F). The [WCu3Se4(Et2-NCS2)3]2- anion in first comprises three 
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Et2NCS2 Cu fragments linked by a slightly distorted tetrahedral WSe4 moiety. 
Second crystallizes in the orthorohmbic space group PbCa with a 14.698(3), 
b 18.473 (4), c 37.182 (5) A° and z = 8. An isotropic refinement with 5839 
reflections (F > 6.0a(F) and 460 parameters for all nonhydrogen atoms 
yielded the values R = 0.061 and Rw = 0.073. The [W Cu4Se4 (Me2NCS2)4]^" 
anion structure of 2 possesses pseudo D2d symmetry for the WSe4Cu4 core 
and a nearly planar WCU4 array and consists of four Me2NCS2Cu fragments 
coordinated across four edges of the tetrahedral [WSe4]2" group. IR and 
electronic spectroscopic data for the two compounds are reported. 
Acar et al.^^ synthesized functional polytetrahydrofurans containing 
N,N'-diethyl dithiocarbamates by the living cationic polymerization of THE 
using trifluorosulfonic acid anhydride and N,N'-diethyldithiocarbamic acid 
sodium salt as an initiator and terminator, respectively. The molecular weight 
distribution was narrow and the number average molecular weights of the 
polymer were very close to the theoretically one, Mn, th.N,N'-
diethyldithiocarbamoyl polytetrahydrofuran was used as a macroiniferter in 
the photopolymerization of Me methacrylate and block copolymers were 
obtained. 
Yin et al^^ synthesized thirteen triphenylgermanium dithiocarbamate 
compounds (Ph3GeS2CNR4) by the reaction of corresponding triphenyl 
germanium chloride with dithiocarbamates. Their structures were confirmed 
by elemental analysis, IR, ^H NMR, UV and MS. Some of these compounds 
showed antitumor activities in vitro. 
Mustafa et al^^ prepared several heterobimetallic complexes 
[Zn(Rdtc)2.MCl2]„ (Rdtc=Me, Cycloheptyl- or dicyclohexyl-dithiocarbamate, 
M=Co, Ni, Cu and n=l or 2) from the reaction of the precursor compound 
Zn (R-dtc)2 (prepared from Zn(II) salt and the Na or K dithiocarbamate 
34 
derivative) and MCi2 in nonaquous solvents and in different molar ratios. The 
complexes were characterized physiochemically and spectroscopically. 
Suggested structures for the complexes were given and discussed. 
Ivanov et al.^^ synthesized the crystal adducts of diethyldithiocarbamate 
complexes of Zinc(II) and Copper(II) with piperidine (Pip) and their solvated 
forms with the outer-sphere molecules of benzene, pyridine (Py), and 
morpholine (Mf) were obtained. Adducts [M(Pip)(Edtc)2]. L (L=Py, Mf) are 
able, in principle, to give solvated isomers [M(L)(Edtc)2]. Pip with the Pip 
molecule arranged in the outer sphere. The composition, structure and 
properties of the obtained adducts were studied by EPR, high-resolution. 
Solid-state ^^C, ^^ N NMR spectroscopy. Solvation of all three adducts with 
Pip, Mf, and Py resuhs in a substantial increase in the contribution of the 
trigonalbipyramidal component to the geometry of a copper coordination 
pentahedron. In addition, for adducts with Mf and Py, a structural unification 
of two isomeric forms was observed at the molecule level to yield a 
qualitative new (rather than intermediate) state. In all solvated forms of the 
copper (II) adducts, the metal polyhedron is mainly a trigonal bipyramid, 
while the squarepyramidal contribution is significant. Results of ('^C, '^N) 
NMR studies revealed a structural inequivalence of the Edtc-ligands in the 
Zinc adducts under investigation. 
5. Residues Analysis : 
a) Spot tests : Spot tests are simple, sensitive, selective or specific, 
inexpensive and rapid. This spot test analysis has been found to be extremely 
useful for the preliminary on-field detection of pesticides. Generally, a 
preliminary examination of a test material is required before undertaking 
costly and sophisticated quantitative analysis in order to minimize time and 
operation costs. Recently, the following tests have been developed for the 
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detection and semi-quantitative determination of pesticide residues in 
environmental samples. 
A paper spot test has been developed'*^ for the detection of carbaryl in 
water. To carry out this test a paper strip impregnated with sodium hydroxide 
was spotted with carbaryl and then it was treated with 2,6-dichloroquinone-6-
chloroimine. A violet spot appears if carbaryl is present. The lower limit of 
detection is found to be 0.06 }ig/spot. A new spot test has been developed for 
the on-field detection of dithiocarbamate fungicides at ^g levels in the soil, 
water and vegetation"*^. Diethanolamine in the presence of copper-ammonia 
complex on cation exchange resin beads has been used as a chromogenic 
reagent. Padalikar et al.^^ have reported a TLC spot test for the determination 
of carbaryl. Silica gel G coated TLC plates spotted with carbaryl gives violet 
colour on treating with copper(II)chloride solution followed by ammonium 
metavandate reagent. The lower limits of detection for carbaryl and 
1-naphthol are 10 |ig/spot and 1 ^ig/spot respectively. The lower limit of 
detection is 1 |ig/spot for carbaryl and 1-naphthol both when alkaline 
hexacyanoferrate (III) is used as a chromogenic reagent. Other insecticides 
such as malathion, parathion, dimethoate, sumithion, ekalax, endrin, DDT, 
baygon, carbofuran and zineb do not interfere. 
b) Spectroscopic and spectrophotometric methods : These methods are 
simple, direct, sensitive and rapid but they do not achieve the sensitivity of 
TLC and GC techniques. They may not be able to distinguish between the 
parent compound, and its metabolites and hydrolysis products but they can be 
used with chromatography as a confirmatory technique. Spectrophotometry is 
a reliable and routinely used technique that is readily available for analysts. A 
few papers have been reported in this area. 
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Kaul et al.^^ have developed a very sensitive spectrophotometric 
procedure for the determination of ferbam (iron dimethyldithiocarbamate) in 
formulations, grain and apples by converting it into water soluble 
iron-phenanthroline-CTAB complex. Beer's law is obeyed over the 
concentration range 0.4-1.9 |ig/mL at 500 nm in the pH range 3.0-8.0. 
Malik et al.^^ have developed a procedure for the determination of ziram by 
the formation of its copper complex after dissolving into Triton X 100 at 440 
nm. This method has also been used for the determination of ziram in 
common formulations, vegetables and grains. Deb et al.^^ have developed a 
new spectrophotometric method for the determination of ziram. The 
procedure involves the complexation reaction of ziram with N-hydroxy-N,N'-
diphenylbenzamidine (HDPBA) in chloroform at pH 9.5±0.2 maintained by 
carbonate-bicarbonate buffer. The chloroform extractable species are then 
reacted with 4-(2-pyridylazo) naphthol (PAN) to give intense red colour at 
550 nm. A minimum of 0.02 |ig ziram can be estimated. Sharma and Verma^ ^ 
have proposed a method for the determination of xanthates, thioxanthates, 
dithiocarbamates and thiuram disulphides based on their acidic 
decomposition. The analysis is accomplished by transforming evolved carbon 
disulphide quantitatively with n-propylamine (0.05 M in acetonitrile) into 
n-propylammonium n-propyl dithiocarbamate. In the same medium, 
n-propylammonium n-propyl dithiocarbamate complex reacts with nickel (II) 
acetate (0.02 M in methanol) in 2:1 molar ratio to form soluble yellow 
nickel (II) n-propyldithiocarbamate showing maximum absorbance at 490 nm. 
Cullen^^ has carried out spectrophotometric determination of zineb, maneb, 
ziram, ferbam, thiram and metiram residues on food crops. The residues were 
decomposed on the crop and the evolved carbon disulphide was collected and 
reacted with cupric acetate-diethanolamine in ethanol (0.0016%) to form the 
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yellow cupric salt of N,N'-bis(2-hydroxyethyl) dithiocarbamic acid which can 
be measured calorimetrically at 435 nm. The speed of decomposition of the 
dithiocarbamate and the copper-carbon disulphide ratio were found to be 
critical factors. This method is sensitive to 20 |ig of carbon disulphide. 
Liu et al^^ have carried out multi-elemental analysis of metal ions : Fe, 
Cu, Zn, Al, Cd, Cr and Pb by preconcentration on dithiocarbamate (DTC) 
cellulose microcolumn coupled with ICP-AES. Yen et al.^^ have studied 
tribenzyltin dithiocarbamate complexes by IR spectroscopy and major 
IR bands have been assigned. The changing rules with the changes of chemical 
structure are discussed and the coordination manner for dithiocarbamate 
ligand with tin ion in the complexes has been determined. 
Sanchez et al.^^ have reported Raman and surface enhanced Raman 
spectra (SERS) on silver colloid of the dithiocarbamate fungicides like 
thiram, ziram, metiram, zineb and mancozeb, SERS affords good quality 
vibrational spectra of these fungicides at very low aqueous concentrations. A 
degradation of these fungicides when interacting with the silver surface can 
be deduced. Thiram and metiram are cleaved at their disulphide bonds, while 
the complex ziram, zineb and mancozeb could undergo metal exchanges with 
the silver on the surface. Decomposition is lower in the case of zineb and 
mancozeb as deduced from their weaker SERS. The SERS studies show that, 
the fungicides can be decomposed in the environment and could be converted 
into dimethyldithiocarbamate and ethylenebisdithiocarbamate ions. The SERS 
study of these complexes is carried out at several absorbate concentrations 
and different excitation wavelengths, revealing that two different coordination 
complexes having different geometries (monodentate and bidentate) are 
possible on the silver surface. 
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Doicheva et al.^'' studied the effect of chloroalkanes (CCI4, CHCI3, 
CH2CI2) or alcohols (MeOH, EtOH, iPrOH, iBuOH) as solvent component on 
the photochemical properties of copper (II) dithiocarbamate mixed-ligand 
complexes : Cu(Et2dtc) X where X = CI", Br" and Cu(Et2dtc)^Y- where 
Y~= C104~, NOs". The obtained results allow some insight into the behaviour 
of the mixed-ligand complexes towards the halogen donation power of 
chloroalkanes and the coordination abilities of alcohols. Jeliazkova et al}^ 
have reported thermal and photochemical reaction of copper (II) 
dithiocarbamate mixed-ligand complexes with chloroalkanes. A detailed 
reaction mechanism has also been proposed on the basis of experimental 
results of EPR, UV-visible spectra and quantum yields. They have also made 
EPR^^ study on the charge transfer photochemistry of the bromide mixed-
ligand dithiocarbamate complex of copper (II). The results obtained by EPR 
allowed some insight into the behaviour of the primary photolytic products 
toward both components of the mixed solvent. 
Cucek et al.^^ developed a classical method for determination of 
dithiocarbamate fungicides is based on analysis of carbon disulfide released 
by hot acid digestion in the presence of tin(II) chloride. CS2 then forms 
colored complex with lead (II) acetate and diethanolamine which is 
quantitated by UV spectrophotometer. An alternative method to ascertain 
fungicide residues present in the sample matrix involves the addition of 
isooctane into reaction mixture and quantitation by GC-MS. Method has been 
implemented in the laboratory and partially validated. 
Verma et al.^^ developed methods based on spectrophotometric 
(colorimetric as well as photometric titrimetric) for the determination of 
dithiocarbamates. The methods were successfully adapted to the analysis of 
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dithiocarbamate based fungicides viz. Ziram and Zineb in their formulated 
products and residues (on grains). 
Cavalheiro et al.^^ studied the thermal decomposition of 
pyrrolidinedithiocarbamate and piperidinedithiocarbamate complexes of Co", 
Ni", Cu" and Hg" by TG and DSC. The decomposition intermediates and final 
products were identified by their X-ray diffraction patterns. The IR spectra 
are discussed in terms of the thermal decomposition pathways. 
c) Chromatographic methods : HPLC continues to find an important 
place among analytical tools for the separation and determination of pesticide 
residues. HPLC is preferable for analyzing thermally unstable pesticides that 
cannot be analyzed directly by GC. A few papers have been reported in this 
area. 
Weissmahr et al. ^^ have carried the analysis of the dithiocarbamate 
fungicides: ziram, maneb and zineb and the floatation agent ethyl xanthogenate 
by ion-pair reversed-phase HPLC in the natural water. The method is based on 
the in situ formation of a 1:1 Cu(II)-dithioligand complex and its separation, 
as an ion-pair with hexane sulphonate on a C-18 reversed-phase column and 
detected at 260-287 nm. Detection limits are reported to be 3 |^g/L (ziram), 
9 )ag/L (maneb) and 4 |ig/L (ethyl xanthogenate). 
Woodrow et al.^^ have trapped airborne particulate residues that resulted 
from commercial applications of the dithiocarbamate fungicides (ziram and 
mancozeb) on glass fibre filters at 14-16 L/min. up to 24 h. Hydrochloric 
acid hydrolysis, with stannous chloride reduction, is used to convert these 
residues to carbon disulphide, which is partitioned into isooctane for assay 
using sulphur mode flame photometric gas chromatography. Limits of 
detection have been found to be about 0.3 |ig (ziram) and 0.5 )ig (mancozeb) 
per filter, which are equivalent to about 14-23 ng/m^ (24h). 
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Gnusowski^^ studied pesticide residues contamination in 122 samples of 
herbal raw materials from cultivated medicinal plants in Poland. The samples 
included 42 raw materials from 36 plant species. Organochlorine and 
organophosphorous insecticides were determinated by capillary GC and 
dithiocarbamates by spectrophotometry. Pesticide residues were found in 
69% of crops, but only one raw-material exceeded the regulatory limits by 
too high levels of mancozeb residues. 
Ning et al^^ developed a method for the qualitative and quantitative 
analysis of mixtures containing xanthates and diethyldithiocarbamate was 
presented by reversed phase HPLC. The experimental conditions are : 
Li chrosorb RP18 column as a separation column, MeOH : H2O (85 : 15) as 
the mobile phase, and UV detection at 240 nm, symmetric and asymmetric 
compounds were formed from the oxidation of the mixture by l2-containing 
KI, and extracted to organic phase by ri-haxane. The linear range was 
6.2 X 10'^  - 2.0 X 10"^  mol L'^ the relative standard deviation was < 2%. 
Lee et al.^'' were investigated the retention behaviour of 
Co(II)-dithiocarbamate (DTC) chelates in reversed phase high performance 
liquid chromatography. Enthalpy and entropy of chelates transfer from the 
mobile phase to the stationary phase were calculated from retention data 
using Van't Hoff plots. The dependence of Ink' on enthalpy was decreased with 
increasing organic solvent ratio on the mobile phase. The compansation 
temperatures (P) calculated from the slope of AH° vs Ink' were in the range of 
756.3 - 888.5 K. From these results, it was found that the retention 
mechanism of DTC chelates was invariant under the various temperatures and 
was largely affected by the anti-solvation effect. Linear relationship between 
S index and log k' in empirical retention equation, log k' = log k'^ - S<p showed 
that S index was influenced mainly by the interaction between DTC chelates 
and the mobile phase. 
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d) Miscellaneous : Perz et al.^^ developed acid digestion method for 
residue analysis. Various members of the Brassicaceae family (cauliflower, 
savoy cabbage, red cabbage, turnip-rooted cabbage), grown without any 
application of pesticides, were analysed according to the acid digestion 
method commonly used for the determination of dithiocarbamate fungicide 
residues. Depending postharvest treatments, high nonanthropogenic CS2 values 
upto 40 mg/kg were found in some cases, especially in frozen raw cabbage 
samples, exceeding maximum residue limits. To explore phytogenic CS2 
occurrences, two model substances (phenylisothiocyanate and Me tryptamine-
dithiocarbamate) representing natural mustard oils and brassinines, 
respectively, were analyzed for their acid hydrolysis decomposition products. 
In both cases, COS was found generally, but CS2 was readily formed during 
acid digestion too, when sulfides were present. The results obtained 
demonstrate that CS2 values determined by using the acid digestion method of 
crops rich in secondary metabolised sulphur compounds have to be 
interpreted carefully. 
Noguer et al.^^ developed a disposable monoenzymic sensor for the 
reliable determination of dithiocarbamate fungicides based on aldehyde 
dehydrogenase inhibition. Aldehyde dehydrogenase was immobilized on the 
surface of a disposable screen-printed carbon-paste electrode by using a 
photocross-linkable poly-(vinylalcohol)bearing styrylpyridinium groups. 
Electrochemical oxidation of a NADH was carried out at a potential as low as 
OV vs Ag/AgCl using Meldola's Blue as mediator. The sensor was used for 
the determination of metam-sodium, a soil fumigant, and its main metabolite 
MITC. It was shown that metam-sodium did not inhibit AIDH while MITC 
could be detected at levels of ppb. The sensor thus allowed to discriminate 
between metam-sodium and its toxic metabolite MITC. 
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Malik et alJ^ have published a review with 35 references on analytical 
applications of dithiocarbamates for the analysis of several metal ions. 
Determination of metal cations present in the food-stuff, water and 
environmental samples using dithiocarbamates as reagents was the main 
focus. 
Sergio et alJ^ investigated the presence of dithiocarbamate residues 
levels in fruits and vegetables (fresh and canned) solid in Salerno city and 
Province during 1994-1998, carried out on 1126 samples showed the classes 
of products most contaminated, and trends of pollution degree. 
A consideration work has also carried out by Cserhati et alJ^'^"^ and 
Gupta etal.''^-''''. 
6. Other Applications : 
Besides the usage of dithiocarbamate as fungicides the following uses 
have also been reported in the literature. 
a) Additive in lubricating oil : Chen et alJ^ have reported that oil 
soluble cerium dioctyldithiocarbamate worked very efficiently as an antiwear 
additive in the lubricating oil. Some other dithiocarbamate derivatives^^'^° 
have also been used for this purpose. Tanaka et al}^'^^ have reported a 
process for producing molybdenum oxysulphide dithiocarbamates as lubricant 
additives. These dithiocarbamates have been found to be good antifriction and 
anticorrosive agents in lubricating oil. Grobelny et al}^ have carried 
nanometric studies of adsorbed layers of zinc di-N-octyldithiocarbamates and 
di-N-octylamines used as lubricant additives. Matsuyama et al.^^ have 
reported that sulphides, dithiophosphates and dithiocarbamates improve 
oxidation stability of the lubricating oils. Yoshida et al}^ have studied 
saturated hydrocarbon base oils and antioxidants like dithiocarbamates and 
dithiophosphates for automotive lubricating oil formulations. 
43 
Iwasaki et al.^^ have studied the system comprises a sliding part 
containing 0.01-10 volume % Zn and a lubricating oil containing 10-10,000 ppm Mo 
and 10-10,000 ppm S. The system is suitable in internal combustion engines, 
power transmission mechanisms, bearing, hydraulic instruments etc. 
Miyamoto et al}^ have reported that the grease compositions are based 
on carbonic acid C13.15 branched alkyl esters and Li soaps as thickaner, and 
contain Mo dithiophosphates or Mo dithiocarbamates . The compositions 
inhibit dust generation and prevents the bearing from fretting. 
b) Sulphur vulcanization : Niewenhuizen et al}^ have published a review 
with 262 references describing research methodologies useful in 
investigating the mechanism of vulcanization and the reactivity of thiuram and 
dithiocarbamate chemicals. The combined knowledge has been subsequently 
applied to thoroughly review the mechanism and the chemistry of both 
thiuram and dithiocarbamate accelerating sulphur vulcanization. 
The mechanism*^ of cross-link formation in sulphur vulcanization 
mediated by bis(dimethyldithiocarbamato)zinc(II), (ZDMC), has been 
uncovered by utilizing a combination of D-functional calculations and model 
experiments. These studies have revealed that in a 3-stage process, ZDMC 
exhibits a unique combination of catalytic activity. The combined results of 
theoretical and experimental work have allowed to put forward a novel 
mechanism for ZDMC-mediated sulphur cross-link formation that 
successively comprises : 
i) homogeneous catalysis of thiol formation from sulphur and rubber 
ii) equilibrium between polythiothiol intermediates and cross-links 
iii) ZDMC-induced desulphydration. 
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Usada et al.^^ have presented the compositions, comprise ethylene-a-
olefm-diene copolymer rubber, guanidines, thiazoles, sulfenamides and 
dithiocarbamates containing N atoms substituted with aromatic/or alicyclic 
6-membered ring groups. An EPDM rubber composition containing carbon 
black 120, a process oil 60, ZnOs, stearic acid 1, S 0.8,1,3-diphenylguanidine 0.3, 
dibenzothiazyl disulfide 1.3, N-cyclohexyl-2-benzothiazolyl sulfenamide 0.5, 
Zn dibenzyldithiocarbamate 1.05, and tetrakis (2-ethylhexyl) thiuram 
disulfide 1 phr showed 125° i^ scorch time 11.2 min and was vulcanized at 
160° for 15 minutes to form a product with compression set of 37.9%. 
c) Graft copolymers : Wang et al.^^ have reported surface molecular 
imprinting on photosensitive dithiocarbamyl polyacrylonitrile membranes 
using photograft polymerization. Kim and Cho'^ have synthesized graft 
copolymers by iniferter-containing macromer. A monomer such as styrene, 
methyl methacrylate, ethyl acrylate or butyl acrylate were copolymerized with 
chloromethylstyrene by AIBN initiation and the chloride group in the polymer 
was treated with sodium diethyldithiocarbamate to give dithiocarbamate 
groups. NMR analysis showed that conversion to dithiocarbamate groups was 
quantitative for acrylate copolymer as well as styrene copolymer. Graft 
copolymerization of the macromer such as polystyrene macromer and PMMA 
macromer yielded graft copolymers. Liang et al.^^ have studied reversible 
surface properties of glass plate and capillary tube grafted by 
photopolymerization of N-isopropylacrylamide. It is a new, simple and 
effective method to modify the surface of glass plate and quartz capillary tube 
by UV photosensitizer. Silane coupling agent with the dithiocarbamate group 
was synthesized by the condensation reaction between chloropropyl 
trimethoxysilane and sodium N,N'-diethyldithiocarbamate. The 
dithiocarbamate groups were installed on the glass surface by coupling the 
45 
silane agent with the hydroxyl groups on the glass surface. Subsequently, the 
silane modified surface was photografted in the presence of N,N'-
methylenebisacrylamide. These modified glass plates are used as activators, 
modulators, antifouling surface and microchannel of separation membranes. 
Kimura et al^^ have studied optical recording medium using phthalocyanines, 
metal complexes and compositions for the recording layer. It has been 
claimed that use of dithiocarbamate complexes enhances modulation degree 
and stabilizes signal characteristics after recording. 
d) Chelating agents : Tandon et al.^^ have studied N-benzyl-D-
glucaminedithiocarbamate and its analog, N-(4-methoxybenzyl-D-
glucaminedithiocarbamate) which are effective chelators of cadmium, for 
their efficacy to induce excretion of lead and to reduce tissue burden of lead 
pre-exposed rats. These dithiocarbamates have been found to be effective in 
reducing hepatic and renal lead levels but not of brain lead levels. 
Kiyozumi et al.^^ have studied the removal of copper from male rat liver by 
dithiocarbamates. The effect of N-benzyl-D-glucaminedithiocarbamate (BGD), 
N-benzyl-O-galactaminedithiocarbamate (BGalD), N-P-methylbenzyl-D-
glucaminedithiocarbamate (MeBGD), penicillamine (D-PEN) and 
triethylenetetramine 2HC1 (Trien) on the excretion and distribution of copper 
have been compared in male rats (5 weeks). Those treated with 
dithiocarbamates did not redistribute copper to kidneys and brain. However, 
BGD, BGalD and MeBGD all significantly enhanced the biliary excretion of 
copper, zinc and iron. 
Batterham et al.^^ have developed an off-line solvent extraction 
procedure with inductively coupled plasma mass spectrometry (ICP-MS) for 
the determination of heavy metals in sea water at ultra-trace levels. This 
method reduces the analysis time and improves the detection limit (Cd 0.2, 
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Co 0.3, Cu 3, Fe 21, Ni 2, Pb 0.5 and Zn 2 parts per trillion). The rapid single 
extraction procedure is quantitative and external standards are used for 
ICP-MS calibration. 
Hilder et al.^^ have carried out separation of number of transition metal 
complexes (Cd II, Pb II, Pt II,Co II, Ni II, Bi III, Cr II, Hg II, Cu III) using 
bis(2-hydroxyethyl)dithiocarbamate (HEDTC) by micellar electro-kinetic 
capillary chromatography (MEKC) with direct photometric detection. 
Wen et al.^^ have developed a new ion-exchange chelating fibre with 
aminophosphonic and dithiocarbamate groups based on polyacrylonitrile 
which is used for the simultaneous pre-concentration of Ag, Be, Bi, Cd, Co, 
Cu, Ga, In, Mn and Pb in coastal sea water. The optimum experimental 
parameters such as fiber capacity, pH, sample flow rate, volume, eluate and 
effect of matrix ions on the pre-concentration are investigated. The 
separation of analytes can be achieved from sea-water with a concentration 
factor of atleast 200. The data obtained by this method agreed well with 
certified values. 
Ida et al.^^^ have carried out a method for quantitative sampling the 
waste (e.g. garbage incinerator fly ashes) by adding liquid chelate containing 
dithiocarbamate group into the sample for reaction of heavy metals present in 
the waste with the chelate. The absorbency at specific wavelength of the 
chelate was measured to determine the unreacted chelate in the sample (B) 
and reference absorbency for the chelate without sample to determine total 
amount of chelate (A). The reacted amount of chelate (C) was calculated fi-om 
the difference between (A) and (B). Based on the ratio of (C) and sample 
amount, the proper amount of chelate added to waste matter was determined. 
Nori et a/.'°* have reported dithiocarbamate alkali metal salts of an amidine 
ring containing polymer acts as chelating agents for trapping heavy metals 
from incinerator ashes to prevent leaching in landfills. 
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Rao et al}^"^ have carried out the polarographic determination of 
cadmium after adsorption of cadmium piperazine dithiocarbamate complex 
onto microcrystalline naphthalene. The lower limit of detection has been 
found to be 0.07 ppm. 
Zendelovska et al}^^ studied applicability of tetramethylene-
dithiocarbamate (TMDTC") and hexamethylenedithiocarbamate (HMDTC~) 
for colloid flotation separation of Mn in traces from fresh (spring, well and 
tap) water. The experimental conditions for the successful Mn separation and 
preconcentration before electrothermal atomic absorption spectrometric 
(ETAAS) detection were optimized. Higher enrichment of Mn was achieved 
when a larger amount of HMDTC" was used. Applying iron(III) 
hexamethylenedithiocarbamate, Fe (HMDTC)3, as a precipitation collector, 
Mn was determined at fig/L levels singly or simultaneously with Pb and Zn in 
1 litre of water sample. The applicability of the proposed procedure was 
varified by analyses of fresh water samples using the method of standard 
addition, as well as by comparing the results obtained by ETAAS with those 
obtained by ICP-AES. The detection limit of Mn using this method is 
0.025 |ig/L. 
Hamilton et al}^'^ developed a method for disposing of mercury 
containing wastewater containing mercury-complexing materials, comprising: 
treating wastewater containing mercury ions with a strong oxidizing agent in a 
reaction chamber to produce pretreated wastewater by removing an effluent 
stream of pretreated wastewater from the reaction chamber; and passing the 
effluent stream of pretreated wastewater through a column packed with a 
mercury-selective adsorbent material to produce an effluent stream of 
wastewater having a reduced mercury content. The adsorbent material is a 
porous resin having immobilized mercury-selective chelating groups bound 
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thereto. A particularly preferred adsorbent material is a crosslinked styrene-
divinylbenzene copolymer having immobilized dithiocarbamate groups bound 
thereto. 
Venkatesan et al.^^^ studied the extraction of cobalt (II) ion from 
aqueous solution using silica gel grafted with dithiocarbamate ligand (Si-dtc), 
which was prepared by reacting silica gel with y-aminopropyltriethoxysilane 
followed by alkaline carbon disulfide. ^^Si MAS NMR, IR spectra were taken 
to establish the grafting of dithiocarbamate ligand on silica gel. This modified 
surface contains 0.37 m mol g"' of the ligand sites available for the extraction 
of the cobalt. The sorbent extracts cobalt only when the pH of the aqueous 
phase is above 7 and the extraction process does not follow ideal ion-
exchange mechanism. The electronic absorption spectra of cobalt present in 
the sorbent phase suggested the oxidation of Co(II) to Co(III). Kinetic data 
were fitted to surface complexation model and the rate constant (ks) for such 
model was found to vary from 1.5 x 10"^  to 5.82 x lO'^L mg"' min'' 
depending on the initial concentration of cobalt. An estimation of enthalpy 
and entropy changes accompanying the extraction was obtained by 
temperature variation method. The increase in the overall entropy of the 
system seems to favour the extraction of cobalt by Si-dtc. 
Asakawa et al}^^ synthesized dithiocarbamate (DTC)-type chemically 
modified chitosan by incorporating functional groups of dithiocarbamate onto 
polymer matrixes of chitosan, and the adsorptive separation characteristics of 
precious metals were studied, among which Ag in particular was examined 
DTC-chitosan is found to exhibit high selectivity not only towards Ag but 
also towards Au and Pb. The adsorptive separation characteristics of DTC-
chitosan are superior to raw material chitosan and common chelating resin 
containing the same functional group (DTC), which is considered to be 
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attributable to synergistic effects by a combination of dithiocarbamate group 
and polymer matrixes of chitosan. Also adsorptive recovery of Ag from waste 
cyanide and noncyanide solution for Ag plating is achievable.The maximum 
adsorption capacity of DTC-chitosan for silver is 3.6 mol/kg. From the above-
mentioned results, DTC-chitosan is a practical candidate for an adsorbent. 
Mathur et al}^^ synthesized a new chelating resin by using a naturally 
occurring hydrophilic polysaccharide matrix of chitosan which is crosslinked 
with epichlorohydrin, incorporated a dithiocarbamate group. Physiochemical 
characteristics of the crosslinked chitosan (CL-CH) and its dithiocarbamate 
derivative (DTC-CH) are reported. The amount of metal ions retained by 
these resins at equilibrium was determined in terms of distribution 
coefficient values (Kd). The metal exchange capacity of resins at different 
pH values was also evaluated. Using dithiocarbamate resin in a column mode 
of operation, Zn-Cd and Zn-Cu separations were quantitatively achieved at 
pH 9.0. 
e) Determination of cisplatin : Zhou et al}^^ have established a 
derivative HPLC method for quantitative determination of cisplatin in 
emulsions. Cisplatin was extracted by DMSO from emulsions and reacted 
with sodium diethyldithiocarbamate (DDTC) to produce a Pt(DDTC)2 
complex, which was extracted by chloroform and detected at 254 nm. 
An analytical column, U-Bondapak-CigHsy (5 |im, 150 mm x 4m) was used 
with MeOH-H2O(80:20) as the mobile phase at a flow rate of ImL min'^ 
Nickel chloride was used as an internal standard. The main recovery of 
extraction has been found to be 78.4% with relative standard deviation <5%. 
f) Flotation of non-ferrous metals : Glinkin^^^ has published a review 
with 8 references describing the flotation of non-ferrous sulphide minerals 
with dithiocarbamate reagents. It outlines the use of sodium 
50 
dimethyldithiocarbamate as a depressor for sphalerite, iron sulphide and S-
cyanethyl-N,N'diethyldithiocarbamate as a collector for copper and 
molybdenum sulphides. Data pertaining to industrial application of these 
reagents has been reported. 
Hosoda et al}^^ gave the metal stripping agents comprise the reaction 
products having highly active functional group of dithiocarbamic acid or its 
salts, and are preferably prepared by reacting a N compound having > 2 active 
H with a carboxylic acid anhydride to form an amide compound, and then 
reacting the amide compound with CS2 or Cj.g alkylene phosphate or 
carboxylate ester. Thus, a 1:1 molar ratio of diethylenetriamine/acetic acid 
anhydride mixture was reacted to form an amide compound, which was then 
reacted with CS2 at 1:2 molar ratio to give a dithiocarbamate compound 
useful as an active agent for trapping Hg, Pb and Cu ions from a simulated 
wastewater. 
Hosoda et al}^^ gave the metal stripping agents, comprise the reaction 
products having highly active functional group of dithiocarbamic acid or its 
salts, and are preferably prepared by polymerization a N compound having > 3 
active H groups with a vinyl ester to form a condensate, and reacting the 
condensate with CS2 or C1.6 alkylene phosphates and carbonates, then with an 
alkali metal hydroxide, alkali earth metal hydroxide or NH3 at pH > 7. Thus, a 
(1:1 molar ratio) triethylenetriamine -Me acrylate copolymer condensate was 
reacted with CS2 and NaOH to obtain a final product with active functional 
groups of sodium dithiocarbamate useful as a metal stripping agent for 
removing Pb, Hg, and Cd from a simulated wastewater. 
Hosoda et al. ^ ^ ^ gave the metal stripping agents, comprises the reaction 
products having highly active functional group of dithiocarbamic acid or its 
salts, and are preferably prepared by reacting a N compound having >1 active 
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H group with a vinylnitrile compound (eg., (meth) acrylonitrile) to form an 
amidine compound, reacting the amidine compound with CS2 or Ci.^ alkylene 
phosphates or carbonates, then with an alkali metal hydroxide, alkali earth 
metal hydroxide or NH3 at pH > 7. Thus, 1:2 molar ratio of 
diethylenetriamine and acrylonitrile were reacted to form an amidine 
compound, which was then reacted with CS2 to give a final product with active 
dithiocarbamate group useful as a metal stripping agent from removing Pb, 
Hg, and Cu from a simulated wastewater. 
Hosoda et al.^^^ gave the metal stripping agents, comprises the reaction 
products having highly active functional group of dithiocarbamic acid or its 
salts, and are preferably prepared by reacting a N compound having >2 active 
H groups with a vinylnitrile compound (eg., (meth) acrylonitrile) in the 
presence of the water to form an amide compound, reacting the amide 
compound with CS2 or Cj.^ alkylene phosphates or carbonates, then with an 
alkali metal hydroxide, alkali earth metal hydroxide or NH3 at pH > 7. Thus, 
1:1.5 molar ratio of triethylenetetraamine and acrylonitrile were reacted in 
the presence of water to form an amide compound, which was then reacted 
with CS2 at 1:3 ratio to give a final product with dithiocarbamate groups 
useful as a metal stripping agent for removing Pd, Hg, and Cd from a 
simulated wastewater. 
Toshida et al}^^ gave the heavy metal fixing agent which is effective in 
trapping heavy metals and prevents scale deposition in process water pipings. 
This agent comprises a tartarate salt and water soluble and water dispersable 
di-Etdithiocarbamate salt suitable for forming insoluble complexes with 
heavy metal ions. 
g) Ink for ball point pens : Takasu^^^ has presented the aqueous ink 
compositions for ball point pens with smooth writability, contain 
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dithiocarbamic acid derivatives R2NCS(S)X (R=H, low alkyl; X=NH4,Na, K, 
Zn, Cu, Fe, amine, alkanolamine) and catechins (I; R^=H or II; R^=H or OH) 
other than colorants and lubricants. An ink comprising C.I. acid red 874.9, 
diethylene glycol 10, 2-pyrrolidone 5, triethanolamine 1, plysurf ALl, Na 
dimethyldithiocarbamate 0.5, sunphenone 100, S 0.05, and water 77.55 parts 
showed smooth writability over a continuous 0.500m and 500-1,000m 
distance after 5 cycles of heating from Q°C to 40°C and cooling. 
( I ) 
h) Synthesis of new compounds : 
i) Sulfines : Cherrie and Metzner^^^ have demonstrated that the oxidation 
reaction of various dithiocarbamates give corresponding sulfmes (S-oxides). 
A number of sulfmes could be isolated and characterized although their 
stabilities are very moderate. The sulfmes decomposed to thiocarbamates and 
dithiocarbamates on keeping them at ambient temperature. 
ii) Drugs : Ching^^' has proposed a new method of synthesis of conjugates 
of nitric oxide scavengers (e.g. dithiocarbamates) with drugs (e.g. NSAIDS). 
These conjugates provide a new class of drugs (e.g. anti-inflammatory 
agents). These conjugates have much lower incidence of side effects and they 
are more effective than uimiodified drugs because cells and tissues contacted 
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by them are protected from the potentially damaging effects of nitric oxide 
over production. For instance, ibuprofen is esterified with 2-pyrroIidinoI in 
the presence of dithiocarbamate and resulting ester was treated with aqueous 
sodium hydroxide solution and carbon disulphide in ethanol, thus producing a 
dithiocarbamate of pyrrolidinol-ibuprofen. 
D. WORK DONE 
In this thesis an attempt has been made to carry out some research work 
on synthesis, analysis and applications of some dithiocarbamates. The results 
of synthesis, analysis and applications of some new dithiocarbamates 
fungicides are discussed in Chapter II while Chapter III, describes the 
synthesis and properties of zirconium diethyldithiocarbamate. The newly 
developed spot tests are described in chapter IV and V. The last chapter VI, 
presents the applications of spot test in pesticides residues analysis. 
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CHAPTER - II 
Synthesis and Fungicidal Properties 
of Metal Dithiocarbamates 
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A. INTRODUCTION 
The plant protection has become necessary in order to increase the food 
production to feed the increasing population. Among the commercially 
available current fungicides, the group of dithiocarbamate is of special 
interest. This interest stems in part from the biological activity of the ligand 
which results in its extensive use as pharmaceuticals, protective broad leaf 
fungicides and quite recently in the therapy of HIV infection^ 
Many dithiocarbamates such as maneb, mancozeb, nabam, ziram, zineb 
etc. are being used as protective fungicides for the last many years.^ ••^ 
Therefore, their effectiveness has somewhat reduced and their large doses are 
required for fungal control. Thus, there is a growing interest in synthesizing 
new dithiocarbamates, which can be applied at low concentration to control 
the fungal growth. Recently bis(triphenylphosphine)(N,N-dimethyldithio-
carbamate)copper(I), bis(triphenylphosphine)(N,N-diethyldithiocarbamate) 
copper(I)'*, tris(carbodithioato)iron(III) complexes^ etc. have been synthesized 
and tested for fungicidal behaviour. Therefore, now some new 
dithiocarbamates such as dimethyldithiocarbamate of Zn(II), Mn(II), Cu(II) 
and Fe(III); morpholinedithiocarbamate of Zn(II), Mn(II), Cu(II) and Fe(III) 
and diphenyldithiocarbamate of Zn(II), Mn(II), Cu(II) and Fe(III) have been 
synthesized. Their infrared and X-ray studies have been made. Fungicidal 
activity of these compounds has been tested by inhibition zone method using 
fungi Helminthosporium goffybii and Alternaria solani. The already known 
fungicide, zinc dimethyldithiocarbamate, has now been prepared again and its 
properties have been included for the sake of comparison. The results are 
reported in this chapter. 
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B. MATERIALS AND METHODS 
1. Apparatus: 
Conical flasks, graduated pipettes, ice bath, micropipettes, magnetic 
stirrer, flat bottomed petri dishes (90 mm pyrex), triangular folded glass rod, 
autoclave, Reichert thermovar, electric oven (Tempo), Perkin-Elmer 137 
spectrophotometer and Philips Analytical X-ray B.V. PW 1710 were used. 
2. Chemicals : 
Acetone, carbon disuphide, methanol, morpholine and sodium hydroxide 
(CDH (P) Ltd., India); diphenylamine, (BDH Chem. Ltd., England); 
dimethylamine (Qualigens Fine Chem, India); dextrose, zinc sulphate and 
copper sulphate (S.D. Fine Chemicals, India); manganese sulphate and ferric 
chloride (Sarabahi M. Chemicals, India); agar-agar Type I (Hi media, India); 
ethanol (distilled in laboratory), mancozeb (75%WP) (Jaishree Agro 
Industries Pvt. Ltd., India), Fungi Helminthosporium goffybii and Alternaria 
solani (lARI, New Delhi) were used. All other chemicals and reagents used 
were of AR or LR grades. 
3. Preparation of Dithiocarbamates : 
a) Metal dimethyldithiocarbamates (C1-C4) : Dimethyl amine (18 mL 
of 25-30% w/v) was taken in a conical flask, cooled in ice bath at 3-5°C, 
5 mL of 80% sodium hydroxide solution was added to it with constant 
stirring. Carbon disulphide (6 mL) was added dropwise to the above reaction 
mixture making sure that no fumes escape from the flask. The reaction 
mixture was stirred for 4 h at 10°C and kept overnight in refrigerator, needle 
shaped crystals separate out. To this corresponding metal salts i.e. sulphate or 
chloride (100 mL, 0.1 N) solution was added and magnetically stirred for 2 h. 
The micro-crystalline solid was obtained which was filtered, washed with 
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distilled water (2 x 20 mL) and dried at room temperature (30°C) and 
desiccated over calcium carbonate. 
b) Metal morpholinedithiocarbamates (C5-C8) : Morpholine (8 mL of 
99.0% w/v) was taken in place of dimethylamine and then procedure (3a) was 
followed. 
c) Metal diphenyldithiocarbamates (C9-C12) : Diphenylamine 
(16.9230 g in 20 mL ethanol) was taken in place of dimethylamine and then 
procedure (3a) was followed. 
The melting point of the synthesized compounds was recorded by 
Reichert thermovar. The infrared spectra were taken as KBr pellets in the 
range of 4000-500 cm"' using a Perkin Elmer 137 spectrophotometer. X-ray 
analysis was done by using Philips Analytical X-ray B.V. 1710 diffractometer 
and all other calculations were carried out by using PC-APD diffraction 
software. 
4. Screening for Fungicidal Activity : Fungi Helminthosporium goffybii 
and Alternaria solani (lARI, New Delhi) were used to test the fungal toxicity 
of the synthesized dithiocarbamates by inhibition zone method^-^. The circular 
discs (1 cm i.d.) of Whatman No. 41 filter paper were prepared and 
autoclaved. The stock suspension of dithiocarbamate were prepared by 
agitating 0.2 g and 0.4 g of the compound each in 100 mL of acetone 
respectively. The suspension was vigorously shaken before use. 
a) Seeded agar plates : A homogenous mixture of potato-dextrose-agar 
(200 : 20 : 16) was prepared in 1 L distilled water and sterilized at 100°C. 
This hot solution (15 mL) was poured in each sterilized petridish and cooled 
down to 25°C. The test fungal spores (approximately 100 viable spores mL'' 
of seeded agar) were inoculated on the described plates and spread out 
uniformly by sterilized triangular folded glass rod to form seeded agar plates. 
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b) Setting up the bioassay : The test chemical suspension (CI-CI2 and 
mancozeb) or acetone (control) (0.02 mL) were impregnated on the 
autoclaved paper discs by a calibrated micropipette and dried at room 
temperature (25°C). These impregnated paper discs were then placed on the 
center of each seeded agar plates. The plates were kept for incubation at 28°C 
for Helminthosporium goffybii (24 h) and at 20°C for Alternaria solani 
(72 h) and the clear zone of inhibition was measured. 
C. RESULTS AND DISCUSSION 
The compounds under study behaves as an insoluble solids as they lack 
solubility in most of the organic solvents, so further attempt for purification 
was not possible. Therefore, all measurements were made on raw solids 
straight from the reaction mixture. Zinc dimethyldithiocarbamate is one of 
the already known and used fungicide. However, it has been studied and 
included in this chapter for the sake of comparison. The experimental data for 
samples C2, C5, Cg, C9 and Cjo are given in the Ph.D. thesis of Dr. S. Mital.^ 
1. Zinc dimethyldithiocarbamate (CI) : 
White micro-crystalline solid, yield 99%, m.p. = 248°C. The compound 
is insoluble in ethyl acetate, ether; slightly soluble in acetone, chloroform, 
5% sodium hydroxide, 5% versenate plus ammonia buffer of pH 10 (1:1) and 
it decomposes in concentrated hydrochloric acid and sulphuric acid, IR (KBr) 
2962w, 2853W, 1520s, 1439w, 1388s, 1243s, 1147m, 1050w, 1014w, 973s, 
566w, 444w. The angle (°20), d-values [aj and a2 (A°)] and relative intensity 
of the prominent lines observed in X-ray diffraction pattern are the following: 
12.085 (7.3175, 7.3356) 100.0; 12.300 (7.1900, 7.2079) 48.7; 13.890 
(6.3704, 6.3862) 17.4; 15.035 (5.8877, 5.9023) 51.8; 21.150 (4.1972, 
4.2076) 10.9; 21.450 (4.1392, 4.1495) 11.1; 24.275 (3.6635, 3.6726) 17.7; 
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25.535 (3.4855, 3.4942) 59.6; 30.250 (2.9521, 2.9594) 13.4; 33.390 
(2.6813, 2.6880) 10.3; 40.625 (2.2189, 2.2244) 12.4. It inhibits the growth 
of both the fiingi i.e. Helminthosporium goffybii and Alternaria solani by 
forming an inhibition zone of 1.5 cm. 
2. Iron dimethyldithiocarbamate (C3) : 
This compound is commercially available in the market since 1931. Now 
it has been synthesized again and characterized. Black powdery solid yield 
76%, m.p. = 149°C. The compound is insoluble in water but slightly soluble 
in ether, 5% sodium hydroxide, 5% versenate + ammonia buffer of pH 10 
(1:1) and soluble in ethyl acetate, acetone, chloroform. It decomposes in 
concentrated sulphuric acid and hydrochloric acid, IR (KBr) 1628w, 1521m, 
1391m, 1240W, 1146m, 1047w, 975w, 848w, 57Iw, 445w. The angle (°20), 
d-values [ajand aj (A°)] and relative intensity of the prominent lines observed 
in X-ray diffraction pattern are the following: 5.170 (17.0788, 17.1213) 
20.6; 5.685 (15.5328, 15.5714) 16.9; 6.925 (12.7540, 12.7857) 29.1; 
12.120 (7.2964, 7.3145) 30.6; 12.475 (7.0896, 7.1072) 100.0; 12.695 
(6.9672, 6.9845) 26.1; 13.375 (6.6145, 6.6309) 25.4;14.165 (6.2473, 
6.2628) 16.3; 15.710 (5.6362, 5.6502) 65.4; 16.000 (5.5347, 5.5485) 28.3; 
16.280 (5.4401, 5.4536) 20.0; 17.850 (4.9650, 4.9774) 11.6; 18.750 
(4.7287, 4.7404) 14.7; 19.710 (4.5005, 4.5117) 14.1; 20.300 (4.3710, 
4.3818) 14.1; 26.055 (3.4171, 3.4256) 33.0; 28.645 (3.1138, 3.1215) 11.1; 
34.775 (2.5776, 2.5840) 17.5; 39.250 (2.2934, 2.2991) 17.5. This 
compound is a very good fungicide as it inhibits both the fiingi by forming an 
inhibition zone of 2 cm. 
3. Copper dimethyldithiocarbamate (C4) : 
Brown powdery solid, yield 95.49%, m.p. = 226°C. It is insoluble in 
water, chloroform, ether, 5% sodium hydroxide; slightly soluble in acetone. 
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ethyl acetate, 5% versenate + ammonia buffer of pH 10 (1:1) and it 
decomposes in concentrated sulphuric acid and hydrochloric acid. IR(KBr) 
2922w, 1522m, 1448w, 1387m, 1250w, 1148w, 1048w, 1022w, 977w, 554w, 
445w. The angle (°20), d-values [aj and aj (A°)] and relative intensity of the 
prominent line observed in X-ray diffraction pattern are the following: 
10.995 (8.0403, 8.0603) 100.0; 11.835 (7.4715, 7.4900) 45.8; 14.820 
(5.9726, 5.9875) 41.0; 20.105 (4.4129, 4.4239) 10.8; 22.420 (3.9622, 
3.9721) 11.3; 24.690 (3.6028, 3.6118) 41.4; 26.065 (3.4158, 3.4243) 13.3; 
27.440 (3.2477, 3.2558) 64.3; 37.625 (2.3887, 2.3946) 11.3; 38.710 
(2.3242, 2.3300) 12.4. This compound inhibits both the fungi by forming an 
inhibition zone of 0.5 cm. 
4. Iron morpholinedithiocarbamate (C7) : 
Black coloured microcrystalline solid, yield 87%, m.p. = 270-271°C. 
The compound is insoluble in water, ether; slightly soluble in acetone, ethyl 
acetate, chloroform, 5% sodium hydroxide, 5% versenate + ammonia buffer 
of pH 10 (1:1) and decomposes in concentrated hydrochloric acid and 
sulphuric acid. IR(KBr) 2960w, 2849w, 1629w, 1487m, 1432m, 1385w, 
1356w, 1299w, 1266m, 1232m, 1111m, 1064w, 1023m, 997w, 878w, 829w, 
545w, 403w. The angle ("20), d-values [aj and a2 (A°)] and relative intensity 
of the prominent lines observed in X-ray diffraction pattern are the following: 
10.110 (8.7421, 8.7638) 47.3; 11.945 (7.4029, 7.4213) 35.7; 12.135 
(7.2874, 7.3055) 15.9; 13.700 (6.4583, 6.4743) 24.6; 16.845 (5.2589, 
5.2720) 100.0; 17.820 (4.9733, 4.9857) 11.4; 20.120 (4.4097, 4.4206) 26.1; 
20.625 (4.3028, 4.3135) 21.4. This compound shows better fungicidal 
activity then all the other morpholine dithiocarbamates. It forms an inhibition 
zone of 1.0 cm for Helminthosporium goffybii. 
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5. Copper morpholinedithiocarbamate (C8) : 
Brown powdery microcrystalline solid, yield 77%, m.p. = 258°C. The 
compound is insoluble in water, acetone, ethyl acetate, ether; slightly soluble 
in chloroform, 5% sodium hydroxide, 5% versenate + ammonia buffer of pH 
10 (1:1) and it decomposes in concentrated hydrochloric acid and sulphuric 
acid. IR (KBr) 2969w, 292Iw, 2854w, 1486s, 1448w, 1358w, 1312w, 1267m, 
1233s, 1111m, 1026m, 1011m, 877w, 546w, 420w, The angle (°2e), d-values 
[tti and a2 (A°)] and relative intensity of the prominent lines observed in 
X-ray diffraction pattern are the following: 8.575 (10.3032, 10.3288) 76.5; 
11.550 (7.6552, 7.6742) 55.0; 13.720 (6.4489, 6.4649) 50.0; 16.750 
(5.2885, 5.3017) 100.0; 21.520 (4.1259, 4.1361) 26.3; 22.805 (3.8962, 
3.9059) 66.2; 24.750 (3.5943, 3.6032) 29.2; 25.300 (3.5173, 3.5261) 98.5; 
26.805 (3.3232, 3.3314) 28.3; 32.130 (2.7835, 2.7905) 17.2; 34.615 
(2.5892, 2.5956) 15.9; 35.800 (2.5061, 2.5124) 16.6; 36.860 (2.4365, 
2.4425) 14.5; 38.620 (2.3294, 2.3352) 10.9; 43.730 (2.0683, 2.0734) 18.1; 
44.605 (2.0297, 2.0348) 13.9; 44.865 (2.0186, 2.0236) 11.7. This shows 
weak fungicidal activity as it slightly inhibits the growth of 
Helminthosporium goffybii (0.5 cm) but unable to inhibit the growth of 
Alternaria solani. 
6. Iron diphenyldithiocarbamate (Cll) : 
Dark brown micro-crystalline solid, yield 85%, m.p. = 53°C. The 
compound is insoluble in water, 5% sodium hydroxide, slightly soluble in 
acetone, ethyl acetate, chloroform, ether, 5% versenate + ammonia buffer of 
pH 10(1:1) and decomposes in concentrated sulphuric acid and hydrochloric 
acid. IR(KBr) 1595s, 1517s, 1494s, 1458m, 1417m, 1315m, 1241w, 1172w, 
1153w, 1079w, 1022W, 988w, 874w, 746s, 688m, 502w, 431w. The angle 
(**26), d-values [a^ and a2 (A°)] and relative intensity of the prominent lines 
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observed in X-ray diffraction pattern are the following 9.325 (9.4762, 
9.4997) lOO.On; 18.465 (4.8010, 4.8130) 9.4; 18.690 (4.7437, 4.7555) 36.0; 
20.290 (4.3731, 4.3840) 7.5; 37.830 (2.3762, 2.3821) 10.3. This compound 
does not show fungicidal activity. 
7. Copper diphenyldithiocarbamate (C12) : 
Yellowish green gummy solid, yield 80%, m.p. = 49° - 51°C. The 
compound is insoluble in water, 5% sodium hydroxide, 5% versenate + 
ammonia buffer of pH 10 (1:1); slightly soluble in acetone, ethyl acetate, 
chloroform, ether and it decomposes in concentrated hydrochloric acid and 
sulphuric acid. IR(KBr) 3040w, 2975w, 2924w, 1593w, 1494w, 1458w, 
1416w, 1317W, 1197W, 1122w, 1033w, 1007w, 874w, 746w, 689w, 614w. The 
angle (°20), d-values [ai and aj (A°)] and relative intensity of the prominent 
lines observed in X-ray diffraction are the following: 7.085 (12.4663, 
12.4973) 22.0; 9.270 (9.5323, 9.5559) 100.0; 13.935 (6.3499, 6.3657) 
12.7; 18.435 (4.8088, 4.8207) 11.9; 18.635 (4.7576, 4.7694) 78.2; 20.185 
(4.3956, 4.4066) 13.3; 37.770 (2.3798, 2.3857) 9.7. This compound also 
does not show fungicidal activity. 
Relevant infrared bands for these compounds are given in Table 2.1. The 
following two regions of the spectra are particularly informative with respect 
to molecular structure of these compounds'"'^. 
The peak at 1250 cm"' is due to the absorption causes by C-N stretching 
vibrations. The thiureide band, which arises as a consequence of 
delocalization of the electron pair on nitrogen to the R2N-CS2 bond (polar 
canonical form) appears at 1500 cm"'. 
This bond increases the double bond character of the linkage and 
displaces the band from 1250 cm"' to 1500 cm"'. This effect can be clearly 
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noted by inspecting the values reported in Table 2.1, which ranges from 
1522 cm'' to 1486 cm"^ The position of antisymmetric C=S stretching 
vibrations of > NCS2 group of carbodithioate ligands appear to be in region 
1050 cm'' to 1200 cm''. The electron donation from the S-atom to the metal 
causes a shift from its typical position of 1200 cm'' to 970 cm''. 
Table 2.1 : Selected infrared frequencies for metal dithiocarbamates. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Compound 
Zinc dimethy Idithiocarbamate (C1) 
Iron dimethyldithiocarbamate (C3) 
Copper dunethyldithiocarbamate (C4) 
Iron morpholinedithiocarbamate (C7) 
Copper morpholinedithiocarbamate (C8) 
Iron diphenyldithiocarbamate (C11) 
Copper diphenyldithiocarbamate (C12) 
Vc=N (cm'^) 
1520s 
1521m 
1522m 
1487m 
1486s 
1517s 
1494W 
vc=s (cm'') 
973s 
975w 
977w 
997w 
1011m 
988w 
1007W 
m = mild, s = sharp and w = weak. 
The compounds under study were assayed on seeded agar plates by 
inhibition zone method. The adoptation of the agar diffusion method for the 
assay of compounds in the field of plant pathology offers interesting 
possibilities where small amounts of highly active compound can be 
determined. 
Helminthosporium goffybii and Alternaria solani were used as an assay 
organism for the study of fungicidal activity for the above synthesized 
dithiocarbamates. In this method the diameter of the inhibition zone was 
measured to the nearest millimeter and the average of 5 replicates was 
calculated. No inhibition zone was produced by disc of blotting paper alone 
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or by disc containing acetone (control). Amongst twelve dithiocarbamates 
under study C5, C9, CIO, C l l and C12 do not show fungicidal activities. 
However, C4, C6, C8 and mancozeb show mild fungicidal activity, as they 
weakly inhibit the fungal growth by forming an inhibition zone of 0.5 cm, 
0.5 cm, 0.5 cm and 0.2 cm for Helminthosporium goffybii and 0.5 cm, 
1.5 cm, 0.1 cm and 0.5 cm for Alternaria solani respectively. Sample C7 also 
shows weak fungicidal activity as it inhibits the growth of Helminthosporium 
goffybii by I.O cm but unable to inhibit the growth of Alternaria solani. CI, 
C2 and C3 show good results as they forms an inhibition zone of 2.0 cm, 
1.8 cm and 2.0 cm for Helminthosporium goffybii and 0.5 cm, 0.8 cm and 
2.0 cm for Alternaria solani respectively. 
D. CONCLUSION 
The dithiocarbamates such as iron dimethyldithiocarbamate, copper 
dimethyldithiocarbamate and iron morpholinedithiocarbamate can also be 
used as fungicides to control the fungal activity of Helminthosporium 
goffybii and Alternaria solani. 
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CHAPTER - in 
Synthesis and Properties of 
Zirconium Diethyldithiocarbamate 
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A. INTRODUCTION 
Zirconium compounds such as chromate, hydroxide, molybdate, selenite 
and tungstate have been synthesized under different conditions 
(concentration, pH, temperature etc.) and their ion-exchange properties have 
been studied^ Zirconium phosphate is a well known promising ion exchanger 
for use in the separation of isotopes at high temperature^. On the other hand, 
dithiocarbamate group has been immobilized^ in organic matrix by the 
reaction of 3-propylethylenediamine group, covalently bonded to silica gel G 
with carbon disulphide. This product has been used as an cation exchanger to 
preconcentrate Co^ "^ , Ni^ "^ , Cu^ "^  and Zn^^ in water. In 1999, Wen et al^ 
prepared a new ion-exchange chelating fibre with polyacrylonitrile and 
dithiocarbamate which had been used for the simultaneous 200 times 
preconcentration of Be, Mn, Co, Cu, Ga, Ag, Cd, In, Pb and Bi in water. 
However, no efforts have been made so far to synthesize zirconium 
dithiocarbamates and to study their ion-exchange and fungicidal properties. 
Therefore, now zirconium dithiocarbamate has been synthesized and its 
properties have been studied. The results obtained are discussed in this 
chapter. 
B. MATERIALS AND METHODS 
1. Chemicals : 
Aqueous ammonia (27%), potassium iodide and sodium azide (BDH, 
India Ltd.); sodium diethyldithiocarbamate (G.S. Chemicals, India); potassium 
dihydrogen phosphate and zirconyl oxychloride (CDH (P) Ltd. India). All 
other chemicals and reagents used were of AR or LR grades. 
2. Preparation of Solutions : 
Potassium dihydrogen phosphate (1.37 g), sodium diethyldithio-
carbamate (2.53 g) and zirconyl oxychloride (3.225 g) were dissolved 
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separately in distilled water and their total volumes were made up to 100 mL. 
Iodine (1.2 g) was dissolved in ethanol (30 mL) containing potassium 
iodide (2 g) and then it was made up to 100 mL with distilled water. Sodium 
azide reagent was prepared by dissolving sodium azide (3 g) in the above 
iodine solution (100 mL). Plumbite reagent was prepared by dissolving 
lead monoxide (1 g) in aqueous sodium hydroxide (32%). Ammonium 
paramolybdate (45 g) was dissolved in a solution containing aqueous ammonia 
(70 mL of 27%) and distilled water (140 mL). The clear solution so obtained 
was added slowly into a solution containing concentrated nitric acid (250 mL) 
and distilled water (500 mL). The solution was shaken thoroughly, kept 
overnight and then the clear solution was decanted and used as the reagent. 
Buffer solutions such as hydrochloric acid-potassium chloride (pH 2.07), 
acetic acid - sodium acetate (pH 4.64) and ammonia buffer (pH 10) were 
prepared as usual^. 
3. Synthesis: 
a) Zirconium diethyldithiocarbamate : Zirconyl oxychloride solution 
(250 mL, 0.1 M) was added dropwise into a conical flask containing 
potassium phosphate (250 mL, 0.1 M) and sodium diethyldithiocarbamate 
(250 mL, 0.1 M) solution with constant shaking. The reaction mixture was 
stirred for 4 h and it was kept overnight at room temperature (35°C). The 
supernatant liquid was washed with 2 x 100 mL of distilled water by 
decantation process. The precipitate was filtered and washed again with 
distilled water. It was dried consecutively at room temperature (35°C) for a 
considerable period of time, at 60°C for 24 h and then at 110°C for 1 h. The 
dried solid product was cooled at room temperature, washed with distilled 
water, dried at room temperature (35°C) and stored in a glass bottle for 
further studies. It was observed that the dried solid product breaks to small 
particles on treating with distilled water. 
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b) Zirconium diethylditliiocarbamate : Sodium diethyldithiocarbamate 
solution (500 mL, 0.1 M) was added slowly into zirconyl oxychloride 
solution (250 mL, 0.1 M) with constant shaking. The stirring, washing, 
filteration, drying etc. were carried out as above. Zirconium 
diethyldithiocarbamate was also prepared by mixing sodium 
diethyldithiocarbamate and zirconyl oxychloride solutions in different ratios. 
It was also prepared at different pH values. The pH of the reaction mixture 
was maintained by adding the appropriate buffer solution. 
c) Zirconium phosphate : Zirconyl oxychloride solution (250 mL, 0.1 M) 
was added dropwise into potassium dihydrogen phosphate solution (500 mL, 
0.1 M) with constant shaking. The further treatment regarding the isolation of 
the product was given by the aforesaid procedure. 
4. Solubility Studies : 
A small portion (50 mg) of the powdered solid was added into a conical 
flask containing 10 mL of a solvent and the contents were stirred 
magnetically for 1 h at room temperature (35°C). The mixture was allowed to 
settle down and the anions were tested in the supernatant using the following 
tests. 
a) Phosphate : A drop (0.02 mL) of supernatant liquid was taken in a 
micro test tube, 2 drops of concentrated nitric acid and equal volume of the 
ammonium molybdate reagent were added into it. The reaction mixture was 
heated. The formation of golden yellow precipitate shows the presence of 
phosphate^. 
b) Dithiocarbamate : 
i). A drop (0.02 mL) of neutralized supernatant liquid was taken in a watch 
glass and a drop of sodium azide reagent was placed over it. The 
formation of bubbles indicates the presence of dithiocarbamate^. 
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ii). A drop of supernatant liquid was taken in a micro test tube and a drop of 
plumbite reagent was added into it. The reaction mixture was heated. The 
formation of black precipitate shows the presence of dithiocarbamate^. 
5. Thermal Analysis : 
A small portion (1 g) of the powdered solid compound (already dried 
and desiccated at 35°C) was taken in a silica crucible and then heated at the 
desired temperature for the required period of time. The dried product was 
cooled in a desiccator and weighed. 
6. Adsorption Studies : 
The Kd values for Mg^ "^ , Ca^ "*", Zn^ "^  and Mn^ "^  were determined on 
zirconium diethyldithiocarbamate using previously reported procedure'. The 
Kd values were calculated by using the following expression : 
Kd = [(I-F)/FJ X (50/0.5) mL/g 
where I is the volume of 0.002 M EDTA needed to titrate the original 
cation solution and F is the volume of the EDTA needed for titration after 
equilibrium. The total volume of the equilibrating solution was 50 mL. The 
concentration of each cation solution was ~ 7 x 10'^ M and the amount of the 
ZD taken was 0.50 g. 
Zirconium diethyldithiocarbamate (0.5 g) and 1-10 mL of aqueous 
solution of distilled water were taken in different conical flasks. The contents 
were equilibrated for 6 h with intermittent shaking at room temperature 
(35°C). The blanks were also maintained simultaneously. The supernatant 
liquid was filtered and the metal ion concentration was determined by using 
complexometric titration with EDTA. The Freundlich Adsorption Isotherm 
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and Langmuir Adsorption Isotherm were tried to describe the nature of 
sorption^® using the following expressions : 
x/m = kc^'" Freundlich Isotherm 
where, x/m is the amount adsorbed per unit mass of adsorbent, c is the 
equilibrium concentration of metal ion in solution, k and n are constants 
dependent on the nature of adsorbate, adsorbent and temperature of the 
system. Putting the above equation in logarithmic form : 
log (x/m) = log k + 1/n log c 
According to this equation a plot of log (x/m) versus log c is a straight 
line, and the constants may be evaluated from the slope n and the intercept 
log k. The Freundlich Isotherm is purely emperical in nature. 
kde = kaC(l-e) (1) 
Where ^is a fraction of the sites accupied by adsorbed metal ion, \-6 
is an unaccupied fraction of sites, kd and ka are rate constants at a given 
temperature, C is the concentration of the metal ion. 
Equation (1) may be written as follows : 
e = [(kaC) / (kd+kaC)] = (bC)/(I+bC) (2) 
where b = (ka / kd) called the adsorption coefficient. 
Sometimes it is convenient to plot it in the following form : 
1/0 = l + (l/bC) (3) 
If a plot of {1/0) versus (1/bC) is the good straight line the adsorption 
confers to the Langmuir Isotherm, 
V^ ' 
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C. RESULTS AND DISCUSSION 
Table 3.1 shows that the precipitation of the compounds under study is 
in the following ratio; ZDP : ZD : ZP :: 3:1:4. Hence, the precipitation of 
zirconium diethyldithiocarbamate is one third and one fourth to that of 
zirconium diethyldithiocarbamate phosphate and zirconium phosphate 
respectively. The colour of ZDP, ZD and ZP is gray, brown and white 
respectively. The solid ZP changes its colour from brown to light brown and 
to gray in air at room temperature. It may be due to decomposition of 
diethyldithiocarbamate group. This conclusion is in line with the fact that 
dithiocarbamic acid is unstable, which forms the stable dithiocarbamic acid 
salt with sodium hydroxide which is decomposed by heavy metal salt such as 
mercuric chloride or lead nitrate possibly as follows^': 
H 
I 
R-N*-C 
/ ^ 
H 
NaOH 
R>JH-C, Na* H,0 
RNH-a 
/ ' Na-' HgCl, RNH,cr + RNH-C. 
/S-HgCl 
R N H - < 
S-HgCl 
RN = C = S + HgS + HCl 
It has also been found that ZDP and ZD release diethyldithiocarbamate 
and phosphate and diethyldithiocarbamate groups respectively on treating with 
water or IM solutions of hydrochloric acid, nitric acid and sodium hydroxide 
and ethanol at room temperature (35°C). The detection of 
diethyldithiocarbamate and phosphate groups was made by using the tests 
described in experimental section^'*. 
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The thermal analysis data recorded in Table 3.1 show that the percent 
weight loss is maximum in ZD than that in ZDP and ZP on heating at 110°C 
for 1 '/2 h. The loss in weight of ZDP is maximum than that of ZD and ZP on 
heating at 830°C for 154 h. The weight loss attributes to the loss of carbon 
disulphide and water molecules in ZD, carbon disulphide and water molecules 
in ZDP and water molecules in ZP. These results show that alike lead and 
mercury dithiocarbamates, zirconium diethyldithiocarbamate is also unstable. 
Table 3.2 shows that the precipitation of ZD is two times at pH 2-5 than 
that at pH 10. Data given in Table 3.3 shows that the precipitation of ZD is 
maximum when the solutions of zirconyl oxychloride and sodium 
diethyldithiocarbamate are mixed in the volume ratio 1:1 at pH 5. There is a 
neglegible formation when either sodium diethyldithiocarbamate or zirconyl 
oxychloride is taken in excess at pH 2 or 8. These observations are in 
accordance with the following facts : ammonium or sodium dithiocarbamate 
is more stable than zinc or manganese dithiocarbamate. For example, 
mancozeb dissolves in aqueous solution of versenate at pH 10 (ammonia buffer). 
It is also known that mancozeb splits off to water insoluble buff colour 
precipitate of manganese hydroxide and zinc hydroxide and water soluble 
sodium dithiocarbamate on treating with dilute sodium hydroxide solution^^. 
It seems that ZD behaves similarly and its tentative mechanism is the 
following : 
s s 
II II 
CH-,-NH-C- S^ CH2-NH-C- SNa 
I .ZrO + 2NaOH > I + ZrO(OH)2 
CH,-NH-C-S'^ CHj-NH-C-SNa 
II II 
s s 
The results of the adsorption studies were found to be non-reproducible. 
Therefore, adsorption results have not been added. 
79 
a 
o 
V 
R ja 
£1. 
O 
JS 
G, 
a 
•kri 
CQ 
E 
U 
o 
Is 
• ^ 
•« 
>» 
^ 
•o 
B 
3 
a 
o 
L. 
S) 
«*« 
o 
M 
^ 
<u 
.a 
-^ 
B 
• 
&^  
N 
^—' 
u 
-41^ 
R ja 
a v> 
O 
.a 
a 
S 
s 
a 
o 
u 
u 
N 
"O 
a 
es 
^•\ 
fi 
N 
4> 
s 
R 
CQ 
u 
o 
• PV 
.a 
-4irf 
•a 
^^ 
>» 
.a 
9i 
1/3 •« 
9i 
f2 
O 
^^ 
JS 
.£f 
S5 
••-> 
'a. 
a 
o 
s 
o 
o U 
g 
s 
o^ 
' • M 
_3 
"o 
M 
s 
^ H 
o 
2 
"3 
>-
•O 
«i 
JjJ 
"5. 
B 
n 
c/3 
O ST" 
00 " 
^ B 
< "" 
1 ^ ' ^ 
<-2 
? 
M 
^ X 
5 .2 
-< 
U •= 
1^ 
< «2 
• 4 - 1 
1 
u 
H 
Z 
M 
u 
o 
N 
t 
0 
& N 
«S 
O 
( N 
( N 
»r> 
^ 
u-i 
L . 
> ^ 
o 
- ^ >% 
J3 g 
o 
o 
w-> 
<N 
O 
0-
O 
N 
o 
m 
T f 
en 
oo 
( N 
OO 
'^' 
C 
O 
i-i 
c 
o 
CQ 
-^ >> 
13 g 
o 
o 
o 
i n 
f N 
— 
z 
0 
cs 
VO 
•T) 
vd ( N 
rn 
00 
i - H 
00 
as 
(U 
a> 
IS 
^ 
o •4-» 
_< 
z 
O 
ir> 
( N 
O 
o 
IT) 
N 
fO 
(U 
CO 
o 
0) 
'-B 
B 
o 
II 
U 
H 
Q 
80 
a 
o 
cs 
s 
© 
V 
• Hi* 
-a 
E 
*S 
o 
S] 
en 
V) 
V 
ua 
a 
>. (/3 
• • 
«S 
• m 
4J 
^a^ 
,f i 
C3 
H 
V) 
V 
s 
R 
> 
( M o 
^ "O "*• ® 2 « 
. -4-) 
b 'E "z 
u 5 "-
a. 
.2 ^ « 
« 1 « 
• i « a. 
J3 J • -WD * •i u 
e 
.2 « (*>> - ^ U 
O « 3 
« £ j = 
-«>• 
/ - N 
^ 
c La S 
«S -. 
* • £ 
a .2 
"o 
w 
/ ~ s 
S 
s 
_o 
'•*-» 
s 
"o w 
o 
«i 
Q. 
s 
1/5 
H 
CQ 
z 
M 
o 
u SI 
^ 
^ 
(U 
X3 
J 
CN 
f -
o (N 
* m 
i n 
»n 
— 
^ 
O^ 
(U 
•4-i 
XI 
00 
J 
(N 
^ VO 
T t 
* 
* m 
«n 
«n 
(N 
^ 
^ 
(U 
>> 
hJ 
r—< 
o 
o 
d 
* 
* 
« u-» 
m 
W-) 
r<\ 
•4-» 
c3 
• 4 - * 
o 
s 
o 
< -O 
II S 
* «5 
* (U 
«-( a> 
,(U h. 
^ 
3 </3 
-° § 
•— 5 
g CO 
CO _C 
CO • S 
ea o 
•4-1 
o :::: 
o ^ 
c 
o 
o 
o 
ffi II 
II * 
* * 
< 
81 
a 
U 
R 
s 
.fi 
w 
u 
o 
2 
">> 
^« 
•5 
E 
'B 
o 
« - 52 
y) 
M 
4> 
JS 
- 4 -1 
& 
>^ 
^ 
• • 
f^ 
• fn 
V 
^ • M 
A 
C8 
H 
CQ 
b 
•*^ 
a 9i 
O 
o 
o 
u 
!§* 
'3 
D. 
« 
2 
"3 
I . 
3 
O 
£ « "3 
^ a 
« c « 
^ .2 S 
«« *- i 
c 
o 
"o 
• 
o 
U 
H 
U 
O 
SI 
"5-
B 
m ON r t oo m "r}, -r}, ' r l , ' r l , 
— m «n vo ON .£P .SP .2P .2? 
O O O O O « 4> « « 
z z z. z 
c c c c c 
O O O O O ' ' ' ' 
k. >-l ^ ^ h« 
CO 03 CQ PQ PQ 
c c c c c 
^ ^ ^ ^ ^ 
O O O O O 
k- <-( Ul k< (-1 X) X> X) £> X) , , , , 
x : X I x : J2 J3 
6X) 60 W) bO too 
J J J J J 
o o o o o o o o o 
O N O o r ~ \ o > / - ) T ; t c n < N ^ ^ 
'— ( N m r r i n v o r - o o O s 
— c N f n T t - « n \ o r ^ o o a \ 
a> 
e 
« 
T3 
a> 
M 
1=1 
o 
> 
82 
D. CONCLUSION 
Zirconium diethyldithiocarbamate is a unstable product so it may not be 
used for heavy metal analysis as well as a fungicide. 
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CHAPTER - IV 
A Spot Test for on Field Detect ion 
of Dithiocarbamates 
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A. INTRODUCTION 
Pollution of the environment is a problem of vital importance. It is 
recognised that there are many pollutants arising from many activities. But in 
recent years great publicity has been given to agro-chemicals. The use of 
pesticides is a necessary evil of the modern agro-technology and perhaps 
their demand would never like to cease. Actually they are directed against 
economic pests but they also affect non-target organisms. Their toxicity 
affects the populations of organisms with high mortality. Pesticides result in 
sterility, death and several dysfunction. Sometimes pesticide affects the 
embryonic stage during development rather than the adults. Therefore, there 
is immense need to develop new method for the detection of pesticides 
residues. 
It is known^'^ that xanthates, thioxanthates, dithiocarbamates, thiuram 
disulphides etc. on acidification liberate carbon disulphide. The latter reacts 
with n-propylamine to give n-propylammonium n-propyldithiocarbamates and 
then it combines with nickel (II) in 2:1 molar ratio to produce soluble yellow 
nickel (II) n-propyldithiocarbamate. It shows maximum absorbance at 490 nm. 
Similarly carbon disulphide reacts with alkylamine in presence of cupric 
acetate to give yellow chelates. The reactions involve are shown in Figure 4.1. 
This yellow solution has been successfully used for the 
spectrophotometric determination^'^ of dithiocarbamates and related 
compounds. The method is sensitive to 20 |ig of carbon disulphide. The 
yellow colour has not been found to be suitable for the visual detection of 
carbon disulphide. Therefore, now this colour reaction has been modified by 
using cation-exchange resin beads in [Cu(NH3)4]"^ "^  form (intense blue) in 
place of cupric acetate in the colouring reagent. This new reagent gives 
initially yellow colour which turns brown and then dark brown within 5 min. 
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R O - C - S " + H > ROH + CS2 
II 
S 
R S - C - S " + H^ > RSH + CS2 
II 
S 
R 2 N - C - S " + 2H^ > R2NH.H^ + CS2 
S 
R 2 N - C - S - S - C - N R 2 + 2H 
II II 
s s 
• ^ 2R2NH + 2CS2 
R. 
2CS2 + 2R2NH + Ni 2+ 
,R 
R ^ ^ S - " S^ ^ R 
(2:1 Complex) 
2+ CS2 + R2NH + Cu > N - C Cu 
R S ' ^ _ 
(1:1 Complex) 
+ 
R. R 
2CS2 + 2 R 2 N H + C u 2+ ->• N - C ^ ^Cu C - N ^ 
R^ N ^ S^ ^R 
(2:1 Complex) 
Figure 4.1 : Reaction scheme of Metal Dithiocarbamate Complexes 
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The dark brown colour so formed is easy to visualize and hence more 
sensitive for visual colorimetry. 
This chapter describes the results of this new colour reaction for the on 
field detection of dithiocarbamates. 
B. MATERIALS AND METHODS 
1. Apparatus: 
A test tube armed with a side U-shaped tube (Figure 4.2). 
2. Chemicals : 
Cupric acetate (E.Merck, India Ltd.); cobalt acetate (E. Marck, 
Germany); nickel acetate, diethanolamine, triethanolamine and aniline 
(BDH, Glaxo Lab. India Ltd. ); morpholine and trichloroacetic acid 
(CDH (P) Ltd., India); indole-acetic acid and phenoxy-acetic acid 
(Sigma Chem. Co., U.S.A.); n-propylamine (S.D. Fine Chemicals, India); 
diphenylamine (Glaxo, India); ethylenediaminetetraacetic acid (CDH (P) Ltd., 
India); mancozeb (Indofil Chem. Co., India); bavistin (BASF, India Ltd.); 
carbaryl (Rhone-Poulen India Ltd.) and phamidon (Lupin Agro. Chem. India Ltd.) 
were used. All other chemicals and reagents used were of AR or LR grades. 
3. Preparation of Solutions : 
The standard procedures were used to prepare the following solutions : 
a) Cupric acetate (0.0016%) in ethanol (50 mL) containing diethanolamine (5 g). 
b) Nickel acetate (0.0016%) in ethanol (50 mL) containing diethanolamine (5 g). 
c) Cobalt acetate (0.0016%) in ethanol (50 mL) containing diethanolamine (5 g). 
d) Diethanolamine (5 g) or diphenylamine (5 g) or ethylenediaminetetracetic 
acid (5 g) were separately dissolved in ethanol (50 mL). 
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e) Morpholine (5 mL) or n-propylamine (7.14 mL) or triethanolamine 
(6 mL) or aniline (5.26 mL) were separately diluted with ethanol to 
make volume 50 mL. 
f) Sulphuric acid (10 N), acetic acid (0.2 M), sodium acetate (0.2M), 
ammonium chloride (0.2M) and sodium hydroxide (IM) were dissolved 
in distilled water. 
g) Buffer solutions were prepared by the reported procedure'*. 
h) The suspension of mancozeb was prepared by thoroughly mixing 
mancozeb (1 g) with distilled water (100 mL). 
i) All other solutions, saturated solutions and suspensions were prepared 
in distilled water. 
4. Preparation of Resin Beads in [Cu(NH3)4] '^^  Form : 
Cation exchange resins in H"^  form (0.5 g) were treated with cupric 
acetate (O.IM) in a test tube. The green resin beads so obtained were washed 
3-4 times with distilled water and then treated with ammonium hydroxide (1:1). 
The blue resin beads so obtained were washed 3-4 times with distilled water, 
dried at room temperature (30°C) and stored in stoppered bottle for use in 
spot test. 
5. Reagent N : 
It consists of cation-exchange resin beads in copper ammonium complex 
form in ethanolic solution of diethanolamine (10%). 
6. Soil Sampling : 
Soil samples were collected from the private farm of village - Jawar, 
block - Iglas of Aligarh district which lies in the wheat/potato growing tracts 
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of India. The sampling was made during the month of November 1998. 
To obtain a composite sample, small portions of soil were collected from the 
desired depth (0-15 cm) with Khurpi from 10-15 well distributed spots (from 
each sampling unit i.e. a plot) after scrapping off the surface litter. 
A rectangular shaped cut (upto the plough layer) was made and a uniformly 
1.5 cm (approximately) thick slice was taken out. Another soil sample was 
collected from the depth of 6 cm using the above procedure. Third soil 
sample was also collected similarly from the depth of 12 cm. The soil 
collected in this manner was thoroughly mixed on a polythene sheet or 
concrete floor and bulk was reduced by quartering and about 100 g of the 
composite sample was retained. The soil was quickly air dried in shade at 
room temperature and stored in polythene bag with suitable description and 
identification marks by tagging. 
7. Vegetation Collection : 
The leaves of onions, potato, mustard, bakayan and neem etc. were 
collected from Khwaja Krashi Farm, Aligarh in the month of November 1998. 
The samples were stored at 4°C and tested within 24 h. 
8. Treatment of Soil with Fungicide : 
A soil sample (5 g) was treated with aqueous suspension of mancozeb 
(1 mL of 0.06%-0.1%) in a glass petridish. The contents were thoroughly 
mixed and stored at room temperature for testing mancozeb. 
9. Detection : 
A portion of the test material (0.1 mL or 100 mg) was taken in a test 
tube (9.8 cm X 1.2 cm i.d.) armed with a side U-shaped tube (16.9 cm x 
0.3 cm i.d.) as shown in Figure 4.2. The contents were heated to remove 
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moisture, cooled to room temperature and then 0.1 mL of lOM sulphuric acid 
was added to it. One of the following reagents (0.1 mL) : (a), (b), (c) and 
diethanolamine (0.1 mL) - resin beads in copper ammonium complex form (4-5), 
was filled in the side U tube. The main tube containing the test material and 
sulphuric acid was stoppered and then it was heated to bubble the fumes 
through the reagent. The change in colour of the reagent was noted. 
The lower detection limit (LDL) was measured by taking the known 
volume (0.1 mL) of the standard solutions of the test material and by using 
the above mentioned procedure. 
C. RESULTS AND DISCUSSION 
The results of detection of mancozeb by using different reagents such as 
copper acetate or nickel acetate or cobalt acetate in combination with one of 
the amines such as diethanolamine, n-propylamine, diphenylamine, 
ethylenediamine, aniline, morpholine and triethanolamine are recorded in 
Table 4.1. 
Table 4.2 shows the results of detection of mancozeb at different 
pH values using Reagent N. 
The results obtained by the use of resin beads in copper ammonia 
complex form in place of copper acetate solution are given in Table 4.3. 
The results of a comparative study of colour developed with time, with 
and without resin beads in copper ammonium complex form are given in Table 4.4. 
The results of mancozeb detection in presence of several foreign 
substances are recorded in Table 4.5. Detection data of some 
dithiocarbamates are given in Table 4.6. Mancozeb was also detected in soil 
by using the same procedure and the results obtained are given in Table 4.7. 
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Introduction section shows that dithiocarbamates and related compounds 
liberate carbon disulphide on acidification. It has been reported that the 
action of ammonium hydroxide on CS2 gives red solution from which orange 
and yellow crystals of (NH4)2CS3 and (NH4)2CS4 can be obtained. The action 
of alcoholic hydrochloric acid on the thiocarbonates gives a red colour of 
H2CS3. If CS2 is treated with various primary or secondary amines in sodium 
hydroxide solution, dithiocarbamates of general formula, R1R2NCS2" are 
obtained. These water soluble salts form a number of metal complexes and 
are of great industrial importance as catalysts in the vulcanization of rubber^, 
fungicides^''°, lubricating oil additives'^•^^, copolymerization''*''^ of acrylate 
and styrene, inhibitors'^'^' in a number of cells, adsorbents^^'^' to enrich 
metal ions and organics, extractants^ '^^ ^ to enrich metal ions from sea water 
and biological fluids and collectors in floatation^"* of non-ferrous metals. 
Ethanolic solution of cupric acetate monohydrate-diethanolamine and 
acetonitrile solution of nickel (II) acetate-n-propylamine have been used as 
colouring reagents for the spectrophotometric determination of CS2 liberated 
from dithiocarbamates and related compounds on acidification. 
However, colour reactions of carbon disulphide with ammonium 
hydroxide and hydrochloric acid have not been exploited for analytical 
purposes. Therefore, now an attempt has been made to develop a new 
colouring Reagent N for the on field detection of dithiocarbamates. It is 
based on the formation of yellow-brown chelate of carbon disulphide with 
blue copper(II) ammonia complex on resin beads in presence of 
diethanolamine. The following results show that Reagent N gives better 
results than those of previously known colouring reagents'"^ in terms of 
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sensitively and selectivity. The colour reagent consists of two components : 
(1) metal ion and (2) amine. The sensitivity of the reagent with respect to 
both the components has been found to be in the following sequences : 
a) Diethanolamine > triethanolamine > morpholine > n-propylamine. 
b) Copper(II) ammonium complex on resin beads > copper (II) acetate > 
nickel(II) acetate > cobalt(II) acetate. 
However, diphenylamine, ethylenediaminetetraacetic acid and aniline do 
not produce any colour (Table 4.1). Copper (II) acetate and diethanolamine in 
ethanol gives better colour intensity at pH 4.99-5.89 than pH 4 or pH 10. The 
colour intensity was found to be the same with and without buffer. Thus it is 
obvious that the colour reaction under study requires no specific pH 
adjustment (Table 4.2). 
Reagent N has been found to be more sensitive (4.5 |ig/0.1 mL) than 
copper (II) acetate in diethanolamine (10 |ig/0.1mL) (Table 4.3). Results 
recorded in Table 4.4 show that the former gives yellow-brown colour that is 
to easy to visualize while latter gives yellow colour. The most of the 
compounds of different functional groups are listed in Table 4.5 produce no 
colour as well as no interference in the detection of mancozeb. However, the 
leaves of Onion, Tomato, Neem (Azadirachta indica), Bakayan {Melia 
azedarach), Bathua (Chenopodium album) and Mustard give light yellow 
colour. The newly synthesized dithiocarbamates given in Table 4.6, show 
positive response. Reagent N can be successfully utilized for the detection of 
mancozeb and other dithiocarbamate fungicides in soil (Table 4.7). 
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The following reaction scheme may be tantatively proposed for this 
colour reaction : 
Cu*+ + NH4OH 
Cu++ + CS2 + R2NH 
Cu(NH3)4^+ + CS2 + R2NH 
(Blue complex) 
->• Cu (NH3)4^^ 
(Blue complex) 
R2N CS2 Cu+ 
(Yellow complex) 
R2NCS2Cu(NH3)4+ 
(Red complex) 
D. CONCLUSION 
The spot test under study is rapid, sensitive and selective. It can be 
successfully applied for the on field detection of dithiocarbamate fungicides 
in wide variety of environmental matrices such as water, soil and vegetation. 
It is simple and inexpensive method than ultra sensitive instrumental 
methods^^. 
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Table 4.2 : Detection of mancozeb at different pH values using 
Reagent N. 
S.No. 
1. 
2. 
3. 
4. 
5. 
Mancozeb 
(Hg/0.1 mL) 
100 
100 
100 
100 
100 
Buffer 
Acetic acid-sodium acetate 
Acetic acid-sodium acetate 
Acetic acid-sodium acetate 
Ammonium chloride-ammonium 
hydroxide 
Without buffer 
pH 
4.05 
4.99 
5.89 
10.0 
-
Colour 
developed 
NC 
Y 
Y 
LY 
Y 
Abbreviations are defined in Table 4.1. 
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Table 4.3 : Detection of mancozeb by Reagent N. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
Reagents 
Aniline + 4-5 resin beads 
Diethanolamine + 4-5 resin beads 
Diphenylamine + 4-5 resin beads 
Morpholine + 4-5 resin beads 
n-propylamine + 4-5 resin beads 
Triethanoiamine + 4-5 resin beads 
Colour 
developed 
NC 
VLY 
NC 
NC 
VLY 
VLY 
LDL 
(^ig/O.l mL) 
-
4.5 
-
-
22.5 
3.0 
Abbreviations are defined in Table 4.1. 
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Table 4.4 : Detection of mancozeb with and without Reagent N. 
S.No. 
1. 
2. 
3. 
Mancozeb 
(^ig/O.l mL) 
103 
102 
10 
Reagents and developed colour 
Ri 
Initial 
Y 
LY 
VLY 
After 
5 min 
Y 
Y 
LY 
R2 
Initial 
DY 
Y 
LY 
After 
5 min 
Br 
DY 
LY 
Br = Brown, D = Dark, Rj = Cu(II)acetate-diethanolamine and 
R2 = Resin beads in [Cu(NH3)4]"^ "^  form-diethanolamine. All other 
abbreviations are defined in Table 4.1. 
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Table 4.5 : Detection of compounds containing different 
functional groups using Reagent N. 
S.No. 
1. 
2. 
3. 
4. 
Test material 
Acids : 
a) Barbituric acid 
b) Gallic acid 
c) Hippuric acid 
d) Isocitric acid 
e) Malic acid 
f) Phthalic acid 
g) Succinic acid 
h) Sulphanilic acid 
i) Tartaric acid 
Alcohols : 
a) 1-Butanol 
b) 1-Ethanol 
c) Methanol 
d) 1-Propanol 
Aldehydes : 
a) Benzaldehyde 
b) 4-Dimethyl amino-
benzaldehyde 
c) m-Nitrobenzaldehyde 
d) Vanillin 
Amines : 
a) Aniline 
b) Diethylaniline 
c) Indole 
d) Nicotine 
e) Trimethylamine 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
LY 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
LY 
LY 
LY 
VLY 
LGrY 
LY 
LGrY 
Y 
DY 
Y 
Y 
Y 
Y 
Y 
VLY 
LY 
VLY 
LY 
LGrY 
LY 
DY 
LY 
4-5 min 
DBr 
Y 
DY 
LGrY 
DBr 
Br 
DBr 
DY 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
LY 
GrY 
Br 
Y 
Br 
DY 1 
Contd. 
Table 4.5 : Continued... 
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S.No. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Test material 
Amides : 
a) Dimethylformamide 
b) Salicylamide 
c) Thiourea 
d) Urea 
Ether : 
a) Diethylether 
Heterocyclic Base : 
a) Pyridine 
Hydrocarbons : 
a) Benzene 
b) Carbontetrachioride 
c) Ciilorcbenzene 
d) Nitrobenzene 
e) o-Toluidine 
f) Paraffin 
Ketones : 
a) Acetone 
b) Acetophenone 
Mineral Acids : 
a) Hydrochloric acid 
b) Sulphuric acid 
Oils/Fats : 
a) Til oil 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
VLY 
LY 
Y 
Y 
LY 
Y 
DY 
LGrY 
Y 
Y 
VLY 
VLY 
Y 
Y 
VLY 
LY 
Y 
4-5 min 
LY 
DY 
DY 
Br 
DY 
Br 
Br 
GrY 
Br 
Br 
Y 
Y 
Br 
DBr 
LY 
Y 
Y 
Table 4.5 : Continued... 
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S.No. 
12. 
13. 
14. 
Test material 
Pesticides : 
a) Carbamates 
i) Bavistin 
ii) Carbaryl 
b) Carboxylic 
i) Phenoxyacetic acid 
c) Chlorine containing 
i) Trichloroacetic acid 
Phenols : 
a) Catechol 
b) 4-Chlorophenol 
c) 1-Naphthol 
d) 2-Naphthol 
e) Phenol 
f) p-Nitrophenol 
g) Resorcinol 
Inorganic Compounds : 
a) Aluminium ammonium 
sulphate 
b) Ammonium sulphate 
c) Barium sulphate 
d) Calcium sulphate 
dehydrate 
e) Cupric sulphate 
f) Ferrous sulphide 
g) Hydrazine sulphate 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
NC 
• NC 
NC 
NC 
NC 
WLBl 
NC 
NC 
NC 
LY 
LBl 
NC 
Y 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
Y 
Y 
DY 
NC 
LY 
VLY 
LY 
LY 
LY 
Y 
Y 
DY 
DY 
DY 
DY 
DY 
LY 
DY 
4-5 min 
Br 
Br 
DBr 
NC 
LBr 
Y 
LDrY 
LDrY 
DY 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Table 4.5 : Continued... 
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S.No. 
15. 
Test material 
h) Maganese sulphate 
i) Magnesium sulphate 
j) Nickel sulphate 
k) Potasium hydrogen 
sulphate 
1) Potasium sulphate 
m) Sulphur 
n) Sodium lauryl sulphate 
o) Sodium sulphate 
p) Sodium sulphide 
q) Sodium sulphite 
r) Sodium thiosulphate 
Leaves : 
a) Bakayan 
(Melia azedarach) 
b) Bathua 
{Chenopodium album) 
c) Mustard 
(Brassica campestris) 
d) Neem 
{Azadirachta indica) 
e) Onion 
(Alluim cepa) 
f) Papaya 
{Carica papaya) 
g) Potato 
(Solanum tuberosum) 
h) Tomato (Lycepersicon 
lycopersicum) 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
LY 
NC 
NC 
Ml 
NC 
NC 
GrY 
NC 
LBlGr 
LY 
Y 
LY 
LY* 
LY 
NC 
NC 
LY 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
DY 
DY 
VLGr 
GrY 
GrY 
GrY 
DY 
DY 
LY 
DY 
Br 
DY 
DY 
DY 
DY 
DY 
Y 
LY 
Y 
4-5 min 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
LY 
Br 
Br 
Br 
LBr 
DBr 
DBr 
Br 
DY 
LY 
DBr 
102 
Table 4.5 : Continued... 
S.No. 
16. 
17. 
Test material 
Soaps/Detergents : 
a) Arial 
b) Lifebouy 
c) Lux 
d) Nirma 
e) Surf 
f) Vim 
Soil Samples : 
a) Upper layer 
b) Middle layer 
c) Lower layer 
Colour developed 
Test 
material 
(0.5 mg) 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Test material (0.5 mg) 
plus mancozeb (1 mg) 
15-30 sec 
DY 
LGrY 
GrY 
LY 
Y 
Y 
Y 
Y 
Y 
4-5 min 
Br 
Br 
Br 
DY 
Br 
DY 
Br 
Br 
Br 
* = Colour disappears in 5 min, Bl = Blue, Dr = Dirty, Or = Greenish and 
Ml = Milky. All other abbreviations are defined in Table 4.1 and 4.4. 
103 
S 
P 
u u S 
7? IS 5 
DX) 
••5 .S U 
sa 
M 
61) 
s 
M 
•4-) 
o 
s 
u 
a 
f2 
M 
V 
o 
o 
Z. 
m »n «/% 
^ >• >- ^ 
-q >, B 
on 
i 1 C $ -^ -2 
•S ^ 3 CQ 
o 
o 
o 
o 
• 4 - * 
§ 
o 
o 
13 
43 
i 
u 
S -a, :S 
I-
4) 
.§ 
O 
N 
u 
o 
J3 
•4 - t 
'-a t 
^ .2 
I 
c 
o 
i3 
CO 
GO 
T3 
& 
O 
S 
o 
c 
N 
a t 
0 
0 
IS • * - • 
••3 
£3 
• <-H 
J3 
& 
0 
s ; - l 
CL 
e3 i 
x> VM 
C<j 
0 
0 
• | 
''B 
.B 
"o 
J3 
& 
0 
g 
o 
u 
c 
o 
43 
— (N m *r) vo 
ON 
^ ^ pn ^ 
0 
m 
<N 
>o (N 
(N 
ON 
-* 
(N 
m 
. — 1 
0 
VO 
(N 
00 
«n 
<N 
0 
t^ (N 
0 
VO 
" — I 
B a t u 
o 
(U 
& 
o 
bO 
00 
f2 
c 
CO 
c 
O 
> 
O 
:§ 
< 
104 
Table 4.7 : Detection of mancozeb in soil samples using 
Reagent N. 
Period 
(days) 
Amount 
Colour developed 
Soil sample 
(1) 
Soil sample 
(2) 
Soil sample 
(3) 
11 
12 
13 
14 
15 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
WLY* 
LY* 
WLY* 
LY* 
VLY* 
Y* 
LY* 
Y* 
VLY* 
Y* 
VLY* 
LY* 
VLY* 
LY* 
VLY* 
Yx 
VLY* 
LY* 
VLY* 
YX 
WLY 
LY* 
WLY* 
LY* 
VLY* 
Y* 
LY* 
Y* 
LY* 
Y* 
WLY* 
LY* 
LY* 
Y* 
VLY* 
YX 
VLY* 
Yc 
LY* 
YX 
WLY 
VLY* 
VLY* 
LY* 
WLY* 
Y* 
LY* 
Y* 
LY* 
Y* 
WLY* 
VLY* 
WLY* 
Y* 
WLY' 
Y* 
VLY* 
Y* 
WLY* 
YX 
Contd.... 
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Table 4.7 : Continued... 
Period 
(days) 
18 
23 
25 
29 
16 
Amount 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
13.50 
715.00 
Colour developed 
Soil sample 
(1) 
VLY* 
WLY* 
yx 
WLY* 
yx 
WLY* 
yx 
VLY* 
yx 
Soil sample 
(2) 
VLY* 
yx 
WLY* 
yx 
WLY* 
yx 
WLY* 
yx 
LY* 
yx 
Soil sample 
(3) 
WLY* 
yx 
VLY* 
yx 
VLY* 
yx 
LY* 
yx 
WLY* 
yx 
X = Colour intensity of reagent decreases with time. 
* = Colour disappears after 5-10 min. 
All other abbreviations are defined in Table 4.1 
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CHAPTER - V 
A Novel Spot Test for the Detection of 
Dithiocarbamate Fungicides Residues 
in Soil, Vegetation and Water 
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A. INTRODUCTION 
Chemical crop-protection is profit-induced poisoning of the 
environment. In third world countries, every year pesticides are used in 
increased amount in order to yield more foodstuffs to feed the growing 
population. Insecticides such as DDT and methyl parathion that have been 
baned in advanced countries are still being used in third world partly due to 
economic ends and partly due to ignorance. 
Soil pollution is receiving greater and greater attraction due to its direct 
impact on public health. Large amounts of pesticides reach in the soil, either 
as direct application, from fall out, from aerial spraying in rain or dust or 
from plant or animal remains which become incorporated with the soil. Thus, 
the soil is an environmental reservoir for these residues from which they 
move into the atmosphere, water or living organism. Owing to increasing 
industrialisation on one hand and exploding population on the other, the 
demands of water supply have been increasing tremendously. Therefore, there 
is a growing interest in monitoring and control of environmental pollution 
due to pesticides residues. 
The spot test analysis has been found to be useful in the preliminary 
examination of the pesticides residues. Therefore, in continuation to our 
previous work^"^ ,^ one more spot test that was originally investigated by Feigl 
in 1934 '^* has now been revaluated for the detection of dithiocarbamate 
fungicides residues in flora and fauna. The results obtained are presented in 
this chapter. 
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B. MATERIALS AND METHODS 
1. Apparatus: 
Glass plates (20 cm x 3 cm); a test tude armed with a U-tube (TTAU); 
electric oven; chromatography paper Whatman No. 1; capillary (10 cm x 
0.1 cm i.d.) and Stahl thin-layer chromatography applicator etc. were used. 
2. Chemicals : 
Aluminium oxide, bismuth oxide, calcium carbonate, ferric oxide and 
trichloroacetic acid (CDH (P) Ltd. India); silica gel G and titanium oxide 
(E.Merck (India) Ltd); barium sulphate (Ranbaxy, (India) Ltd.); bavistin (BASF, 
India Ltd.); calcium citrate (G.S.Chem., India); cellulose (Loba. Chemie, 
India); carbaryl (Rhone-Poulen, India Ltd.); chlorpyriphos (Montari Indus. 
Ltd., India); endosulphan (Jaishree Agro. Indus. Ltd., India); ethanol; iodine; 
mancozeb (Indofil Chem. Co., India); malathion (Singhal Pest. Ltd., India); 
phenoxy-acetic acid (Sigma Chem. Co., U.S.A); phamidon (Lupin Agro. 
Chem. India Ltd.,); potassium iodide, sodium azide and sulphuric acid 
(BDH, Glaxo Lab. (India) Ltd.) were used. All other chemicals and reagents 
used were of AR or LR grades. 
3. Preparation of Solutions : 
The standard procedures were used to prepare the following solutions : 
a) Iodine (1.27 g) was dissolved in ethanol (30 mL) containing potassium 
iodide (2 g) and then it was diluted to 100 mL with distilled water (DW). 
b) Sodium azide (3 g) was dissolved in 100 mL of iodine solution (a) and it 
was used as a reagent. 
c) The suspension of mancozeb was prepared by thoroughly mixing 
powdered mancozeb (1 g) in 100 mL of DW. 
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4. Preparation of TLC Plates : 
Powdered material (2 g) was slurried with 5 mL of DW. The slurry so 
obtained was coated on glass plates of the different thickness (0.5 mm or 
0.025 mm) with the help of Stahl apparatus. The chromatoplates were dried at 
room temperature (35°C), then in an electric oven (100 ± 5°C) for activation 
for about 2 h. The chromatoplates were cooled at room temperature before use. 
5. Soil Sampling and Vegetation Collection : 
Samples of soils and vegetation were collected by the procedure 
described in our previous paper'^ and chapter IV of this thesis. 
6. Treatment of Soil with Fungicide : 
A soil sample (1 g) was treated with aqueous suspension of mancozeb 
(1 mL of 1%, 0.1%, 0.01%, 0.001% or 0.0001%) in 5 glass petridishes 
separately. The contents were thoroughly mixed and placed at room 
temperature for testing mancozeb. 
7. Detection Procedures : 
a) TTAU method : A portion of the test material (0.05 mL or 0.05 g) was 
taken in a test tube (9.8 cm x 1.2 cm i.d.) armed with a side U-tube (16.9 cm x 
0.3 cm i.d.). The contents were heated to remove moisture, cooled to room 
temperature and then 0.05 mL of lOM sulphuric acid was added to it and the 
reagent (0.1 mL) was filled in the side tube. The main tube containing the test 
material and sulphuric acid was stoppered and then it was heated to bubble the 
fumes through the reagent. The bubble formation and change in colour of the 
reagent were noted. 
b) Thin-layer chromatography (TLC) : A drop of the test material 
(0.05 mL) was spotted on chromatoplate, and the solvent was removed and 
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then a drop of the reagent (0.025 mL) was placed on the spot of the test 
material. The bubble formation and the spot appearance were noted. 
c) Paper chromatography (PC) : A drop of the test material (0.05 
mL) was spotted on paper strip, solvent was removed, and a drop of the 
reagent (0.025mL) was placed on the spot. The spot appearance was 
noted. 
d) Watch-glass or Glass plate method : A drop of the test material 
(0.05 mL) was placed on the watch-glass and a drop of the reagent (0.025 mL) 
was added to it. The bubble formation was noted. 
e) Capillary method : A very small amount (0.025 mL of 1%) of the 
test material was taken in a capillary and then a small volume of the reagent 
(~ 0.013 mL) was added to it by capillary forces. The bubble formation and 
air gap so produced were recorded. 
f) Lower detection limit (LDL) : It was measured by taken the known 
volume of the standard solutions of the test material and by using procedures (a-e). 
g) Interference studies : In order to study the interferences due to 
presence of foreign substances in the detection of mancozeb residues, the 
foreign substance (0.025 mL of 1%) alone was tested and then an admixture 
of foreign substance and mancozeb (1:1) was tested as above (a-e). 
h) Detention of mancozeb residues in soil : A soil sample (1 g of upper, 
middle or lower layer) was treated with 1 mL of mancozeb aqueous 
suspension (0.001% -1%) separately. After thorough mixing, 1 drop (0.025 mL) of 
the slurry (treated soil) was tested by procedures b, d and e. 
i) Detection of mancozeb residues in vegetation : Plant leaves or 
vegetables (1 g) were treated with mancozeb aqueous suspension (1 mL of 1%). 
Mancozeb residues were detected in the vegetation extract by using 
procedures b, d and e. 
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Mancozeb residues on the surface of leaf or fruit or vegetable were also 
detected directly by placing a drop of the reagent on the surface. The bubble 
formation was noted. 
C. RESULTS AND DISCUSSION 
Feigl''* has reported that the following reaction is catalysed by inorganic 
sulphides, thiosulphates and thiocyanates and organic compounds containing 
C = S or C - SH group. 
2NaN3 + I2 >• 2 NaT + 3 N2 (1) 
However, organic compounds containing sulphur such as thioethers 
(R-S-R), thiosulphides (R-S-S-R), sulphones (R-SO2-R), sulphinic acids 
(R-SO2H) and sulphonic acids (R-SO3H) or their salts do not catalyse 
reaction (1). This reaction permits the sensitive detection of thioketones and 
mercaptones (thiols). However, the mechanism of catalytic effect of 
mercaptones and thioketones has not been completely elucidated. The 
following compounds have been detected at traces : thioacetic acid (3x10"^ |ig), 
methyl methylxanthate (3 x 10"^|ig), potassium ethylxanthate (4 x 10"^  |ig), 
rhodanine (3 x 10"-' fig), 3-amino-4-phenyl-5-thiotriazole (3 x lO'^^g), 
allylisothiocyanate (allyl mustard oil) (15 |ig), phenyl isothiocyanate (phenyl 
mustard oil) (2.5 x 10"^  ^g), p,p'-dimethoxythiobenzophenone (1 x 10"^  ng), 
4-thio-a-naphthoflavone (2 x 10"^  pg), diphenylthiocarbonate (1 ^g), 
di-p-tolyltrithiocarbonate (1 x 10"Vg), methyl a-naphthyl carbodithionate 
(1.2 X lO"' |ig), thiourea (5 x 10"^  fig), sym.-diphenylthiourea (6 x 10"' \ig), 
diphenylthiocarbazone (dithizone) (2.5 |j.g), dithiooxamide (rubeanic acid) 
(3 x 10'^ ^g), thioglycolic acid (5 x 10"^  |ig) etc. 
Inorganic compounds containing bivalent sulphur such as sulphides and 
thiosulphates also give positive response. It is also pointed out that there are 
instances in which a reaction begins only after several minutes or sometimes 
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hours and furthermore usually continues quite slowly. In these cases slow 
hydrolytic cleavage may be involved by the test substances. These studies 
were made by Feigl's^^ Awe^ ^ and Friedmann^^ during 1934-1951 for the 
characterization of purity of the substances. In this period the use of 
pesticides was limited so monitoring of pesticides residues in the 
environment was not required. Therefore now this spot test has been 
reinvestigated in order to use it in pesticides residues analysis. The results 
discussed in the following paragraphs show the relevance of the extension of 
the research work to the pesticides residues analysis. 
The data reported in Table 5.1 show that (a) thiourea, hydrazine sulphate, 
sodium thiosulphate and neem leaves produce many bubbles immediately; 
(b) barbituric acid, malic acid, succinic acid, tartaric acid, indole and nicotine 
produce a few bubbles immediately; (c) bakayan gives many bubbles slowly; 
(d) mustured oil, chlorpyriphos, babool leaves and tulsi leaves produce some 
bubbles slowly; (e) paraffin, ghee, carbaryl, endosulphan, catechol, aluminium 
ammonium sulphate, magnesium sulphate, neem and palmolive (soaps), nirma 
and vim (detergent), anchor and close-up (toothpaste) produce a few bubbles 
slowly and (f) potassium sulphate produces a few shiny bubbles slowly. 
It is also clear from the data given in Table 5.1 that seven foreign 
substances namely (i) gallic acid, (ii) hippuric acid, (iii) thiourea, (iv) ferrous 
sulphate, (v) hydrazine sulphate, (vi) sodium thiosulphate and (vii) the extract 
of neem leaves give positive response when the test is performed on TLC 
while only five substances (iii) to (vii) give positive response when this is 
performed on watch-glass or capillary. So the watch-glass and capillary 
methods are more selective than TTAU, TLC and PC methods. Table 5.2 
shows that amongst different methods developed, the watch-glass method is 
most sensitive. TLC, PC and capillary methods possess comparable 
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sensitivity while the sensitivity of TTAU method is very poor. Two analytical 
parameters (bubble formation and decolourization of the reagent) are 
available by TTAU method, two parameters (bubble formation and granular spot) 
are available by TLC and only one parameter (decolourizing of spot) by PC 
and one parameter (bubble formation) is available by watch-glass and capillary 
method. 
The results of TLC detection (shape, size and design of the spot) can be 
kept as a record for a longer period while it is not possible for any other 
methods under study. 
Table 5.3 shows that thick TLC layer gives better result than thin layers. 
Table 5.4 shows that all the coating materials under study can be used 
for the detection of mancozeb. It is also clear that mancozeb residues in soil 
can be detected with greater sensitivity by TLC method. 
The results recorded in Table 5.5 show that this spot test gives good 
response for detection of different dithiocarbamates. 
D. CONCLUSION 
The spot test under study is very fast as it can be used to detect the 
presence of mancozeb in hundred samples per hour. It is inexpensive and can 
be performed on the spot. The test can be utilized to detect the presence of 
dithiocarbamate fungicides residues on the surface of leaves and fruits 
directly. 
Table 5.1 : Detection of different materials at 35 ± VC. 
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S.No. 
1. 
2. 
3. 
4. 
Test Material 
Acids : 
a) Barbituric acid 
b) Gallic acid 
c) Hippuric acid 
d) Isocitric acid 
e) Malic acid 
f) Phthalic acid 
g) Succinic acid 
h) Sulphanilic acid 
i) Tartaric acid 
Alcohols : 
a) 1-Butanol 
b) 1-Ethanol 
c) Methanol 
d) 1 -Propanol 
Aldehydes: 
a) Benzaldehyde 
b) 4-Dimethyl amino-
benzaldehyde 
c) m-Nitrobenzaldehyde 
d) Vanillin 
Amides: 
a) Dimethylformamide 
b) Salicylamide 
c) Thiourea 
d) Urea 
Technique 
TLC* 
Bubble 
SSm 
M 
IM 
-
SAP 
-
lAF 
-
lAF 
-
-
-
-
-
-
-
-
SAP 
SAP 
IM 
lAP 
Spot 
Best 
Best (P) 
Best 
-
Best 
-
Good 
-
Good 
-
-
-
-
-
Brppt 
-
-
Better 
Better 
Best 
Better 
Watch-
glass 
Bubble 
lAP 
-
-
-
lAF 
-
lAP 
-
lAP 
-
-
-
-
-
-
-
-
-
-
IM 
~ 
Capillary 
Bubble 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
IM 
Contd. 
Table 5.1 : Continued... 
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S.No. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Test Material 
Amines: 
a) Aniline 
b) Diethylaniline 
c) Indole 
d Nicotine 
e) Trimethylamine 
Ether: 
a) Diethylether 
Heterocyclic Base : 
a) Pyridine 
Hydrocarbons: 
a) Benzene 
b) Carbontetrachloride 
c) Chlorobenzene 
d) o-Toluidine 
e) Paraffin 
Ketones: 
a) Acetone 
b) Acetophenone 
Mineral Acids : 
a) Hydrochloric acid 
b) Sulphuric acid 
Oils/Fats : 
a) Mustard oil 
b) Ghee 
Technique 
TLC* 
Bubble 
-
SAF 
lAF 
lAF 
SAF 
-
-
SAF 
-
-
-
SSm 
-
-
-
SAF 
SSm 
SAF 
Spot 
-
Best(DGr) 
Best (P) 
Better (Br) 
Best 
-
-
Best 
-
-
Good(Bl) 
Better 
-
-
-
Better 
Best 
Best 
Watch-
glass 
Bubble 
-
-
lAF 
lAF 
-
-
-
-
-
-
-
SAF 
-
-
-
-
SSm 
SAF 
Capillary 
Bubble 
-
-
SAF 
SAF 
-
-
-
-
-
-
-
-
-
-
-
-
SSm 
SAF 
Table 5.1 : Continued... 
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S.No. 
12. 
13. 
14. 
Test Material 
Pesticides : 
a) Carbamates 
i) Bavistin 
ii) Carbaryl 
b) Carboxylic 
i) Phenoxyacetic acid 
c) Chlorine containing 
i) Trichloroacetic 
acid 
ii) Endosulfan 
d) Phosphorous containing 
i) Phamidon 
ii) Chlorpyriphos 
Phenols : 
a) Catechol 
b) 1-Naphthol 
c) 2-Naphthol 
d) Phenol 
e) p-Nitrophenol 
f) Resorcinol 
Inorganic Compounds: 
a) Aluminium ammonium 
sulphate 
b) Ammonium sulphate 
c) Barium sulphate 
d) Cupric sulphate 
e) Ferrous sulphate 
Technique 
TLC* 
Bubble 
-
SAP 
-
SAP 
SAP 
-
SSm 
SAP 
-
-
SAP 
-
-
SAP 
-
SAP 
ISm 
IM 
Spot 
-
Good 
-
Better 
Good 
-
Best 
Better 
-
-
Good 
-
-
Best 
Best 
Best 
Best 
Best 
(Br-DY) 
Watch-
glass 
Bubble 
-
SAP 
-
-
SAP 
-
SSm 
SAP 
-
-
-
-
-
SAP 
-
-
-
Capillary 
Bubble 
-
SAP 
" 
-
SAP 
-
SSm 
SAP 
-
-
-
-
-
-
-
-
-
Table 5.1 : Continued... 
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S.No. 
15. 
16. 
Test Material 
g) Maganese sulphate 
h) Magnesium sulphate 
i) Nickel sulphate 
j) Potasium hydrogen 
sulphate 
k) Potasium sulphate 
1) Sodium lauryl 
sulphate 
m) Sodium bicarbonate 
n) Sodium sulphate 
o) Sodium thiosulphate 
p) Zinc sulphate 
Leaves: 
a) Bakayan 
(Melia azedarach) 
b) Babool 
{Acacia nilotica) 
c) Neem 
{Azadirachta indica) 
d) Tulsi 
{Ocimum tenuiflomm) 
Soaps/Detergents/Pastes : 
a) Neem (soap) 
b) Nirma (detergent) 
c) Sunsilk (hair sampo) 
d) Vim (detergent) 
e) Anchor (tooth paste) 
Technique 
TLC* 
Bubble 
SAF 
SAP 
SAF 
SAF 
SAF 
-
SAF 
-
M 
lAF 
SM 
SSm 
SMSh 
SSm 
-
-
-
-
" 
Spot 
Best 
Best 
Best 
Best 
Best 
-
Good 
-
Best 
Best 
Best 
Good 
Best 
Good 
Good 
Good 
-
Better 
Best 
Watch-
glass 
Bubble 
_ 
SAF 
-
~ 
SAFSh 
-
-
-
M 
-
SM 
SSm 
M 
SSm 
SAF 
SAF 
-
SAF 
SAF 
Capillary 
Bubble 
-
-
-
~ 
-
~ 
-
M 
-
SM 
SSm 
M 
SSm 
SAF 
SAF 
-
SAF 
SAF 
Table 5.1 : Continued... 
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S.No. 
17. 
Test Material 
f) Close-up (tooth paste) 
g) Palmolive (soap) 
Soils : 
a) Upper layer 
b) Middle layer 
c) Lower layer 
Technique 
TLC* 
Bubble 
SAF 
SAF 
Spot 
Good 
Good 
Watch-
glass 
Bubble 
SAF 
SAF 
Capillary 
Bubble 
SAF 
SAF 
AF = A few bubbles appear, Bl = Blue, Br = Brown, D = Dark, Gr = Green; 
I = Immediately, M = Many bubbles appear, P = Pink, ppt = precipitates, 
S = Slowly, Sh = Shiny, Sm = Some bubbles appear, TLC = Thin-layer 
chromatography, Y = Yellow and * = On 0.5 mm coating of Tio2. 
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Table 5.2 : Detection of mancozeb by using different methods. 
S.No. 
1. 
2. 
3. 
4. 
5. 
Method 
TIAU 
TLC** 
PC 
Watch-glass 
Capillary 
LDL 
(Hg/O.lmL) 
67.5 
0.75 
0.75 
0.38 
0.45 
Detection signal 
Bubble and decolourization 
Bubble and spot 
Spot 
Bubble 
Bubble 
LDL = Lower detection limit, PC = Paper chromatography, TTAU = Test tube 
armed with a side U-tube and * * = On silica gel G. All other abbreviations are 
defined in Table 5.1. 
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Table 5.3 : Effect of coating thickness on detection of mancozeb. 
S.No. 
1. 
2. 
3. 
4. 
Mancozeb 
(Hg/0.1 mL) 
10^  
10^  
10 
1 
Thickness of coating** 
0.5 mm 
IM 
M 
ISm 
SAF 
0.25 mm 
ISm 
ISm 
SAF 
VSAF 
Time of 
decolourization 
I 
I 
S 
(2-3 min) 
VS 
(~ 10 min) 
** = On silica gel G and V = Vary. All other abbreviations are defined in 
Table 5.1. 
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Table 5.5 : Detection of dithiocarbamates using reagent with 
the help of TLC, Watch-glass and Capillary methods. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Dithiocarbamates 
Zinc dimethyldithiocarbamate 
Copper dimethyldithiocarbamate 
Iron dimethyldithiocarbamate 
Manganese dimethyldithiocarbamate 
Zinc morpholinedithiocarbamate 
Copper morpholinedithiocarbamate 
Iron morpholinedithiocarbamate 
Manganese morpholinedithiocarbamate 
Zinc diphenyldithiocarbamate 
LDL (ng/0.1 
TLC 
10 
10 
1.0 
1.0 
0.1 
1.0 
1.0 
0.1 
0.6 
Watch-
glass 
0.8 
8.0 
0.1 
0.1 
0.3 
0.5 
0.5 
0.1 
0.4 
mL) 
Capillary 
0.8 
8.0 
0.1 
0.1 
0.3 
0.5 
0.5 
0.1 
0.4 
Abbreviations are defined in Tables 5.1 and 5.2. LDL has been measured on 
the basis of bubbles formation. 
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CHAPTER - VI 
Stationary Phases used in Thin-Layer 
Chromatography for Pesticides 
Residues Analysis 
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A. INTRODUCTION 
Thin-layer chromatography (TLC) is widely used for the detection, 
separation or cleanup, determination and identification of variety of 
pesticides residues found in foodstuffs, air, soil etc. The success of TLC 
depends on the choice of stationary and mobile phase. The selection of a 
stationary phase is more critical than mobile phases. Literature survey shows 
that several already known stationary phases have been modified and some 
new stationary phases have been investigated for unrevealing the separation of 
complex pesticides residues mixtures of pesticides residues for making the 
technique simple, inexpensive and rapid. Most of the stationary phases are 
commercially available while others can be prepared in the laboratory. The 
following factors are to be considered for selecting a suitable stationary 
phase : 
(i) Nature of the pesticides residues to be analysed. 
(ii) Detection method to be used. 
(iii) Nature of available mobile phase. 
(iv) Thickness and stability of the layer (coating). 
Thus the analyst working in the area of pesticides residues analysis are 
always looking for a stationary phase that possesses better selectivity, 
stability and sensitivity. 
Therefore, it was thought to be useful to review the stationary phases 
used in TLC for pesticides residues analysis. The results published in the 
form of several papers have been summarized in this chapter. 
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B. STATIONARY PHASES 
1. Silica Gel (Silicic Acid) : 
Silica gel is the widely used stationary phase. The separation process on 
silica gel is a function of the surface hydroxyl content. In order to obtain the 
reproducible results the hydroxyl content should be controlled by activation 
of chromatoplate. Kirchner et al}, StahP and Bessley^ have deeply involved 
with the technology of silica gel as a stationary phase. They concluded that 
silica gel with the higher water uptake is more active than that contains lower 
water content. Several silica gel products are available commercially. The 
products recorded in Table 6.1 have been utilized for the separation of 
pesticides residues. 
Estimation of pesticides by TLC on silica gel has also been documented 
by Dobbins and Touchstone"*. Applications of silica gel also include analysis 
of unsaturated fatty acids^, mono-and sesquiterpences^, resin acids^, and 
chlorophylls*. Silica gel slurry can be prepared in distilled water by manual 
shaking or electric blender. The coated chromatoplates can always be stored 
but should not be activated until ready for use. Silica gel containing silver 
nitrate should be stored in dark only for a limited period of time^. 
2. Alumina : 
Aluminium oxide, commonly called alumina, is the second widely used 
stationary phase. Alumina is available in three forms, acidic, neutral and basic. 
The amount of absorbed water controls the separation potential of alumina by 
blocking the active sites on the surface. To obtain the reproducible results, it 
is necessary to activate the chromatoplate at 75-110°C for a specified period 
of time. Several preparations of alumina are available in the market. Alumina 
slurries are prepared in distilled water. A few of them used for TLC analysis 
of pesticides are given in Table 6.1. 
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3. Cellulose : 
The inorganic stationary phases such as silica gel and alumina are used 
largely to separate liphophilic (fat-loving) compounds or those mainly 
soluble in organic solvents. The organic stationary phases such as cellulose 
are used mainly to separate hydrophilic (water-loving) compounds such as 
sugars, amino acids, inorganic ions and nucleic acid derivatives. The results 
obtained on cellulose coated chromatoplates are not very different than those 
on paper strips. Water molecules cage the cellulose molecules by hydrogen 
bonding so the separation process occurs mainly partition between the water 
layer and mobile phase. Two types of normal cellulose powders, the native, 
fibrous cellulose (mw 300 cellulose) and micro crystalline cellulose (Avicel) 
have been used largely in chromatography. 
Cellulose sorbents as well as precoated plates are available without 
binder as cellulose has natural adhesive properties. Pre-development of 
cellulose. Chromatoplates with distilled water is recommended to remove 
impurities. Cellulose slurry is prepared in distilled water. A layer with 
optional ion-exchange properties was obtained by PEI cellulose on plastic 
sheets'". Cellulose formulations used in TLC analysis of pesticides are given 
in Table 6.1. 
4. Polyamide : 
Separation potential of polyamide chromatoplate depends upon the 
nature of hydrogen bonding formed between the polyamide molecules and the 
mixture to be separated. The nature of the bond is a function of the phenolic 
or hydroxyl or carboxylic acids, steroids, quinones and aromatic nitro 
compounds can be separated on polyamide chromatoplates (Table 6.1). 
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The polyamides are used successfully without binder for coating the 
chromatoplates. Manual shaking does not suffice the purpose so an electric 
blender is used for preparing slurry. A standard procedure for the preparation 
of TLC quality polyamide was reported by Roseler et al}^. 
5. Kieselguhr : 
Kieselguhr is composed of the siliceous remains of microscopic marine 
plankton called diatoms. It is also known as diatomite or diatomaceous earth. 
It is highly porous and possesses large surface area so it is widely used as a 
filter aid in the laboratory, industry and swimming pool for Alteration. It is 
largely used in column chromatography and it also used in TLC. It is 
generally used with calcium sulphate (15%) as binder and then it is named as 
kieselguhr G, Where G is binder (Gypsum). Kieselguhr N (without binder) 
kieselguhr G and kieselguhr N both with indicator (F 254) and their 
admixtures with silica gel are also in use, 
Kieselguhr slurry is made in distilled water and it must be used within 
2 minutes otherwise binder sets. The coating of kieselguhr requires drying at 
room temperature for 20 minutes, and then activation at 110°C for the same 
period of time. It is not commonly used for preparative TLC. Applications of 
kieselguhr in TLC analysis of pesticides are summarized in Table 6.1. 
6. Sephadex: 
It is a trade name for a group of modified dextran gels produced by 
Pharmacia Fine Chemicals, Inc. These are the hydrophilic and neutral 
stationary phases. The separation mechanism is partition chromatography 
governed by molecular size and steric hindrance. A considerable work has 
been reported on sephadex TLC^^'^^. Sephadex slurry is made carefully by 
mannual stirring so that the gel can be completely suspended and the clumps 
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can be broken and the gel can swell properly. A binder is not normally used 
because of natural adhesive properties of sephadex. The super fine grade of 
sephadex are used in TLC. Table 6.1 summarizes its applications in pesticides 
residues analysis. 
7. Calcium Sulphate : 
Calcium sulphate is well known as a binder in several stationary phases 
of TLC. It has been also used as a stationary phase in TLC "^^ . Calcium sulphate 
hemihydrate, 2CaS04.H20 (Plaster of Paris), readily absorbs more water to 
form the sparingly soluble calcium sulphate dihydrate, CaS04.2H20 (Gypsum). The 
mineral gypsum has a complex layer structure in wich the layers bound 
together by very weak hydrogen bonding between the water molecules and 
oxygen atoms of sulphate ions. Each water molecule is bonded to Ca^ "^  and 
oxygen of S04^' of one layer and oxygen of S04^' of an adjacent layer.It is 
partly dehydrated at 100-150°C. Hence the adsorption sites in gypsum are 
apparently hydroxy 1 groups. 
Calcium sulphate is slightly soluble in water (0.2080 g per lOOmL 
at 5°C), slowly soluble in glycerol and practically insoluble in most organic 
solvents. Silica gel G, the most widely used stationary phase in TLC is 
prepared by mixing Mallenck's silicic acid of 200 mesh with 10-15% of 
freshly calcinated calcium sulphate. 
Gypsum is used for TLC and its separation effect is based mainly on 
coordination bonds and association of dipoles. It has been found to be 
versetile for the separation of metal ions and organic compounds containing 
carboxylic group and phenolic group in mobile phase such as aqueous 
solutions of electrolytes, water, acetone, benzene, ethyl acetate, chloroform, 
propanol and carbon tetrachloride. 
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Calcium sulphate can be slurried in water and it can be easily coated on 
glass, aluminium and plastic plates. The main advantages of such 
chromatoplates are that they can be mechanically washed like paper strips, 
dried, stored and sprayed with the detection agents. The weakness of calcium 
sulphate layers lies in the fact that thick layers are cracked down during 
drying/activation. Admixtures of calcium sulphate and dimethyl-
aminobenzaldehyde, fly ash, charcoal, zinc oxide, alumina (neutral, acidic, 
basic), magnesium sulphate and barium sulphate have been used in metal ions 
and pesticides analysis by TLC'^'^^. Some results of pesticides residues 
analysis are recorded in Table 6.1. 
8. Barium Sulphate : 
It is a fine white powder exceedingly insoluble in water and stable 
towards heat and other common reagents. It is slightly soluble in 
concentrated sulphuric acid owing to the formation of barium acid sulphate; 
Ba(HS04)2. Most barium salts are highly toxic materials but barium sulphate 
is a non-toxic, cheap and chemically innert material that has been used as 
adsorbent^^. Barium sulphate and its admixtures with calcium sulphate and 
calcium carbonate have been used as stationary phase in TLC for the 
separation of sulphadrugs^^, pharmaceuticals^^, carboxylic acids of 
importance to fruit growing industry^°'^^ and some pesticides'^'^°'^^. 
9. Titanium Dioxide (Ti02) : 
Titanium dioxide is a white crystalline, inert, water insoluble powder. It 
is amphoteric but more acidic than basic in character. It is by far the most 
important oxide because of its use as a white pigment. It dissolves in both 
acids and alkalies forming titanyl compounds and titanates respectively. It 
adheres firmly on glass plates and it gives a shining layer (coating). The fact 
that titanium dioxide crystals show brilliance greater than ever diamonds on 
account of their high refractive index, may attribute to shining layer. 
131 
However, mobile phases, polar or nonpolar take a longer time in ascending the 
chromatogram of titanium oxide. Rathore et alP have reported that the 
admixtures of titanium dioxide and calcium sulphate is a good stationary 
phase in TLC separation of herbicides and plant growth regulators containing 
carboxylic group. 
10. Synthetic Inorganic Ion Exchangers : 
The growing interest in this field may be demonstrated by the fact that, 
when the book, "Ion Exchange" by Helfferich^"* was published in 1962, only 
two pages were devoted to the salts of polybasic metals and that two years 
later, a comprehensive monograph on "Inorganic Ion Exchangers" was 
published by Amphlett^^. This book is classic in the field and led to a 
revolutionary upsurge of interest in inorganic ion exchangers. These ion 
exchangers are prepared by combining oxides of group IV (C, Si, Ge, Sn, Pb, 
Ti, Cr, Hf) with the more acidic oxides of groups V (N, P, As, Sb, Bi, V, Mb, Ta) 
and VI (O, S, Se, Te, Po, Cr, Mo, W) of the periodic table ^ 6. 
Zirconium phosphate is perhaps the first insoluble salt of a polybasic 
metal to use as an ion exchanger. It is the most studied and probably the most 
useful of all the materials for example arsenates, antimonates, bismuthates, 
vanadates, niobates, tantalates, selinates, tellurates etc. and other phosphates 
for example titanium phosphate, tin phosphate, lead phosphate etc. As these 
materials have been claimed to be superior to organic resins in their thermal 
stability and resistance to radiation they have been used in column 
chromatography for separating metal ions^'. Several ion-exchange stationary 
phases have been used for the separation of metal ions using nicotine as 
mobile phase^^. Attempts has also been made to utilize inorganic ion 
exchanger layers in TLC as a stationary phase for the separation of phenolic 
and amino compounds^^^^ 
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However, uses of inorganic ion exchangers in TLC as a stationary phase 
is limited because of the fact that these ion exchangers are very expensive and 
do not have good natural adhesive properties. Most inorganic ion exchangers 
take very long period of time in ascending the chromatoplate. Efforts have 
also been made in making the technique rapid by using the admixtures of 
inorganic ion exchangers and silica gel G or cellulose powder. Unfortunately, 
the overall performance of the technique has not been fully improved. 
11. Soils : 
Soil thin-layer chromatography^^ was developed by Helling and Turner in 
the year 1968. It has been widely used to study the mobility of metal ions 
and pesticides in soils^^'''^ This technique is simple and low cost that gives 
reproducible results. Recently'* ,^ the mobility of heavy metals such as Ni, Mn, 
Cr, Cu and Pb is measured through soil with decomposed organic matter 
as well as soil amended with some commonly used pesticides such 
as thiometon, melathion, dichlorvos, trichloroacetic acid, 
p-chlorophenoxyacetic acid and P- naphthoxy acetic acid. 
C. RESULTS AND DISCUSSION 
The results summarized in Table 6.1 show that the maximum number of 
publications regarding pesticides residues analysis have been reported on 
silica gel G and related adsorbents. A good number of publications have also 
been reported on alumina and its related products. However, limited work has 
been reported on adsorbents such as cellulose, polyamides and kieselguhr etc. 
D. CONCLUSION 
The stationary phases which yield good results of thin-layer 
chromatographic separation of pesticides may also be used for the column-
chromatographic cleanup or enrichment of pesticides residues in flora and fauna. 
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Synthesis and Fungicidal Properties of Metal Dithiocarbamates 
Vinod Kumar, Harair Singh Rathore'*', Sheetal Mital"' and Snnil Kumar* 
Pulse Laboratory, 
Indian Agriculturral research Institute, 
NcwIX-lhi-ll()()12. India. 
Dimethyl dithiocarbamates, morpholinc dithiocarbamates, and diphenyi diihiocarbamates of 
Zn (11), Mn (11), Fe (111) and Cu (II) have been synthesiscd and characterized by infra-red and 
x-ray analyses. These compounds were tested for fungicidal activity by inhiMiion zone method 
against Helininihosporium gojfybii and Aliernaria solani. Diphenyi dithiocarbamates of zinc 
were inactive, whereas, seven dithiocarbamates under study showed fungici lal activity against 
both the fungi. 
KEY WORDS : A liemaria solani, copper dithiocarbamates, Helininihosporium gojfybii 
Dithiocarbamates such as maneb, 
mancozcb, nabam, ziram, y.incb, etc. arc being 
used as commercial fungicides''^. As there is a 
j.'.niwin>.'. liifcicNl ill dfvi'lopiiij'. now niclai 
diliii()cail)ainatcs, l)ccaiisc ol llicii use as 
fungicides, bis-(triphcnylphosphinc) (N,N-
dimctiiyidithiocarbamatc) copper ( I ) , bis-
(iriphenyiphosphine) (N,N-diclhyldi ihio-
carbamate) copper (1)^, tris (carbodithioate) 
iron (III) complexes* e tc . have been 
synthesized and their fungicidal activity has 
been tested. In this paper we report the 
synthesis and fungicidal activity^ of some new 
dithiocarbamates. 
MATIERIAI^ AND METHODS 
Synilirsis of iiictcil dimethyl 
diiliiocarhaiiuiles(C\-C^): Dimutliylaininc (IK 
mi of 25-30 % w/v) was taken in a conical 
flask, cooled in ice bath at 3-5°C, 5 ml of 80 % 
* Correspondence uddrrxs : Department of Applied 
Chemistry,.Z.H. College of Engineering and 
Technology, Aligarh Muslim University, Aligarh -
202002. India. 
sodium hydroxide solution was added to it with 
constant siirring. Carlion disulphide (6 mi) was 
added dropwisc to the above reaction mixture 
making sure that no fumes escape from the 
lla.sk. 'I'liu I'ciu'liiiii iiiixtiiir was sliru'il ini •! it 
at lO'^ C and kept ovoniglit in a rclrigcriilur, 
needle shaped crystals separated out. The metal 
salt (sulphate or chloride) .solution (100 ml, 0.1 
N) was added to the above crystals and 
magnetically stirred lor two hours. A solid was 
obtained, which was filtered, washed with 
distilled water (2 x 20 ml) and dried at room 
temperature (30°C) and dessicatcd over 
calcium carbonate. 
Metal morpholiie dithiocarbamates (C^-
Cg) : Metal morpholine dithiocarbamates were 
prepared accordinj' to the above method by 
adding morpholine (8 ml, 99% w/v) instead of 
dimcthylaminc. 
Metal diphenyi dilhincarlximalcx : Mctiil 
diphenyi dithioc;!rbamates (C , -Cp) were 
prepared as abov( by adding diphenylamine 
instead of dimclhylaminc. 
Experimental parameters : The melting 
points were recorded by Reichert thermovar. 
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The infra-red spectra were recorded as KBr 
pellets using a Perkin Elmer 137 
spectrophotometer. X-ray analysis was done 
on Philips Annlylicn! X-rny PW 1710 iind nil 
other cnlculnljons were carried out hy using 
PC-APD diffraction software. 
Fungicidal activity : All the synlhesised 
compounds were evaluated for their fungicidal 
activity against H. goffybii and A. solani by 
inhibition zone techniques. 
RESULTS AND DISCUSSION 
The physico-chemical properties, infra-red 
values and x-ray data of all above synthesiscd 
compound arc given in Table 1. Peaks in the 
infra-red spectrum at 1250 c m ' is due to the 
absorption by C-N stretching vibrations'*-^. 
The thiureide band, which ar ises as a 
consequence of delocalization of the e pair on 
nitrogen to the RjN-CSj bond (polar canonical 
form) appears nl 1500 c m ' . This bond 
Increases with the double lumd tharacier of 
the linkage and displaces the band from 1250 
cm"' to 1500 cm"'. This effect can be clearly 
noted by inspecting the values reported in 
Table 1, which ranges from 1522 c m ' to 1475 
cm"'. 
The position of anlisyinniclric C=S 
stretching vibrations of > NCS^ group of 
carbodithioate ligands appears to be in the 
region 1050 c m ' to 1200 cm"'. The c donalon 
from the S atom to the metal causes a shift 
from its typical position of 1200 c m ' to 970 
cm"'. This effect is also apparent from (he 
result reported in Table 1. 
Table I. Infra-red and X-Ray analysis data 
Compound 
m.p. rC) 
IR 
u(cm') 
C=N C=S 
X-Ray diffraction 
L°2G(d values a,, ajA°)RI 
CI 248 
C2 1.^ 2 
C3 149 
04 226 
1520 s 
1501 m 
1521 m 
1522 m 
973 s 
969 m 
975 w 
977 w 
12.085 (7.3175. 7.3356) 100.0 
12.300 (7.1900, 7.2079) 48.7 
15.035 (5.8877, 5.9023) 51.8 
24.275 (3.6635. 3.6726) 17.7 
25.535 (3.4855. 3.4942) 59.6 
15.775 
17.945 
18.655 
25.935 
26.165 
6.925 
12.120 
12.475 
15.710 
26.055 
10.995 
11.835 
14.820 
24.690 
27.440 
(5.6131, 
(4.9390, 
(4.7525, 
(3.4327, 
(3.4030, 
(12.7540 
(7.2964, 
(7.0896, 
(5.6362, 
(3.4171. 
(8.0403, 
(7.4715, 
(5.9726, 
(3.6028. 
(3.2477. 
5.6271) 100.0 
4.9512) 37.1 
4.7644) 21.5 
3.4412) 30.3 
3.4115) 82.6 
, 12.7857) 29.1 
7.3125) 30.6 
7.1072) 100.0 
5.6502) 65.4 
3.4256) 33.0 
8.0603) 100.0 
7.4900) 45.8 
5.9875) 41.0 
3.6JJ8) 41.4 
3.2558) 64.3 
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Compound IR 
\J(L-m') 
m.p. rC) C=N c=s 
Cfi 260 1491 s 99« s 
C6 258 147 m 977 s 
C7 270 1487 m 997 w 
C8 25H 1486 s 101! m 
C9 54 1519s 993 w 
CIO 54 1517s 989 w 
Cll 53 1517s 988 w 
C12 49 1494 w 1007 w 
X-rny dinVaclion 
L''2G(dvulucsa,,a,A"')RI 
7.715 
11.235 
15.230 
23.385 
23.840 
8.430 
15.855 
17.465 
19.870 
26.365 
10.110 
11.945 
13.700 
16.845 
20.120 
8.575 
11.550 
16.750 
22.805 
25.300 
9.330 
18.690 
19.975 
20.305 
25.265 
9.755 
9.905 
18.950 
19.120 
20.355 
9.325 
18.465 
18.690 
20.290 
37.830 
7.085 
9.270 
13.935 
18.635 
20.185 
(11.4497. 
(7.8691, •; 
(5.8127. 
(3.8009, 
(3.7293. 
(10.4801 
(5.5850, 
(5.0736, 
(4.4646, 
(3.7760, 
(8.7421, 
(7.4029, 
(6.4583, 
(5.2589. 
(4.4097, 
(10.3032, 
(7.6552, 
(5.2885. 
(3.8962, 
(3.5173, 
(9.4711. 
(4.7437, 
(4.4414. 
(4.3699. 
(3.5221. 
(9.0594, 
(8.9225, 
(4.6792. 
(4.6380. 
(4.3593. 
(9.4762. 
(4.8010. 
(4.7437, 
(4.3731, 
(2.3762, 
(12.4663 
(9.5323, 
(6.3499. 
(4.7576, 
(4.3956. 
11.4781) 36.9 
8886) 26.5 
8272) 100.0 
.8103) 26.5 
.7386) 48.7 
10.5062) 70.8 
.5989) 48.8 
.0862) 73.5 
4757) 100.0 
.3860) 51.8 
5 
3 
3 
5 
5 
4 
3 
8.7638) 47.3 
7.4213) 35.7 
6.4743) 24.6 
5.2720) 100.0 
4.4206) 26.1 
. 10.3288) 76.5 
7.6742) 55.0 
5.3017) 100.0 
3.9059) 66.2 
3.5261) 98.5 
9.4946) 100.0 
4.7555) 47.8 
4.4524) 24.7 
4.3808) 41.1 
3.5309) 23.S 
9.0819) 100.0 
8.9447) 28.9 
4.6909) 44.1 
4.6495) 36.5 
4.3701) 26.1 
9.4997) 100.0 
4.8130) 9.4 
4.7555) 36.0 
4.3840) 7.5 
2.3821) 10.3 
, 12.4973) 22.0 
9.5559) 100.0 
6.3657) 12.7 
4.7694) 78.2 
4.4066) 13.3 
RI = Relative intensity 
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Bioassay results : The compounds under 
study were assayed on seeded agar plates by 
inhibition zone method against H. goffybii and 
A. soloni. Compounds namely C9, CIO, C l l 
and C12 showed no fungicidal activities, 
however, C4, C6, C8 and mancozcb showed 
mild fungicidui activity, us they wciikly 
inhibited the fungal growth by forming an 
inhibition zone of 0.5 cm, 0.5 cm, 0.5 cm and 
0.2 cm for H. goffybii and 0.5 cm, 1.5 cm, 0.1 
cm and 0.5 cm for A. solani, respectively. 
Compound C7 inhibited the growth of H. 
goffybii by 1.0 cm but did not inhibit the 
growth of y4. solani. Compound CI , C2 and 
C3 showed an inhibition zone of 2.0 cm, 1.8 
cm and 2.0 cm for //. goffybii and 0.5 cm. 0.8 
cm and 2.0 cm for A. solani, respectively. 
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Abstract 
A new spot test has been developed for the on field detection of dithiocarbamate fungicides at jig 
levels in soil, vegetation and water Copper-ammonia comlplex on cation-cxchange resin beads in 
presence of dicthanolamine has been used as a chromogenic reagent for carbon disulphide. 
(Keywords: Copper-ammonia complex/Cation-exchange resin/Dilhiocarbamates/Fungicides). 
Spot test analysis has been found to be extremely charactgerization of an analyte'. 
Therefore, in continuation^ to our previous research work now a new spot test has been 
developed for the detection of dithiocarbamate fungicides in soil, vegetation and water. 
The spot test is based on the formation of a brown color co.mplex on cation-exchange resin 
beads (in the form of pCuCNHj)^ ]^ '*) with carbon disulphide in presence of dicthanolamine. > 
The following solutions and reagents were prepared as usual: (a) Cuppnc acetate (0.8 
mg) and diethanolamine (5g) in 50mL of ethanoie, (b) nickel acetate (0.9 mg) and 
diethanolamine (5g) in 50 mL of ethanol, (c) cobalt acetate (0.9 mg) and diethanolamine 
(5g) in 50mL of ehanol, (d) 5g of morpholine of n-propylamine or diethanolamine or 
tnethanolamine or aniline or diphenylamine or ethylenediaminetetraacetic acid in 50 mL 
of ethanol, (e) copper ammonia complex, [Cu(NH3)J^ on cation exchange resin beads 
(CAR) was prepared by treating Towex 50 x 8, 14-52 mesh (CDH Bombay, India) beads 
in H* form (Ig) with cuppric acetate solution (0 I M), and then with ammonium hydroxide 
(11) The intense blue resin beads so obtained were washed 3-4 times with distilled water, 
dned at room temperature (30*C) and stored in a coloured glass bottle for use. 
Soil samples were collected from village Jawar (Iglas) Aligarh, dried, sized and stored 
as usual . Leaves of onion, potato, mustard, banayan and neem were collected from Khawaja 
Krishi Farm, Aligarh in the month of November 1998 The samples were stored at 4*C and 
tested in 24 h. 
The test material (0.1 mL or 100 mg) was taken in a test tube A (9.8 x 1.2 cm i.d.) 
jointed with a side U-tube'' (16.9 x 0.3 c, i.d.) (Figure I). The moisture contents were 
removed by heating. The contents were cooled to room temperature, and O.I r.iL of 10 m 
H2S0^ was added to it. The reagents (0.1 mL) (a) or B) or (c) or 4-5 btaclj cf CAR and 
0.1 mL of diethanolamine solution was taken in the side U tube. The tube A vas stoppered 
and heated to bubble the fumes CSj through U tube containing the reagent. The change in 
colour after 1 min as well as after 5 min wasnoted. 
The lower detection limit (LDL) was measured by taking the known volume (0.1 i.nl) 
of the standard solutions of different concentrations. A .soil sample 5 g) was treatec wiu.-
aqueous suspension of mancozeb (1 mL of 0.06%-l%) in glass petridish. The conier.rr 
were thoroughly mixed and placed at room temperature. Similarly, vegetation sanr.pies were 
treated with mancozeb. Mancozeb was detected in these samples by using the above' 
mentoned procedure. 
It is well known that carbon disulphide reacts with transitional metal salts in presence 
of several primary and secondary amines to give transitional metal ditiocarbamate 
complexes^. Many transitional metal-dithiocarbamates have been used a calatysts in 
vulcanization of rubber* and in copolymerization of acrylate and styrine^ fungicides'"'", 
additives in lubricating oils", inhibitors'^'" in a number of cells, absorbents"^'* to enrich 
metal ions and organics in water, extractants'^'* to enrich metal ions in sea water and in 
biological fluids, collectors in floatation "•^ ° of non-ferrous metals and chro.ncgenic reagents 
in coulometry/spectrophotometry''^'"^^ The following results manifest that this new 
reagents, cation exchange resin beads in [Cu(hfH3)4]^ * form-diethanolamine (CAR), is more 
sensitice as well as selective. 
The sensitivity for detection of mancozeb was found to be in the following sequences: 
(a) when CAR was used in presence of different amines and (b) when DEA was used in 
presence of different salts. 
(a) diethanolamine > triethanolamine > morpholine > n-propylamine 
(b) CAR > copper acetate > nickel acetate > cobalt acetate. 
CAR gives no colour with carbon disulphide in presence of diphenyiamine, 
ethylenediaminetetra acetic acid and aniline. The colour intensity was maximum inthe pH 
range 4.99-5.89 than that at pH 4 or 10. It is observed than mancozeb gives brown colour 
with CAR-DEA while it gives yellow colour with copper (II) acetate-DEA. TTie brovn 
colour is easy to visualize and its sensitivity is higher (4.5 Hg/0.1 mL) than that of yellow 
colour (10 fig/0.1 mL). The response of the spot test was tested for different tupes of 
compounds. The test was also performed to test mancozeb in presence of several fceigT 
substances. The results obtained are given rn Table 1. The results show that most of the 
goreign substances do not produce any colour as well as they do not interfere in the detection 
of mancozeb i e no masking of the colour or no appreciable increase in the intensity of 
the colour. However, leaves of bakayan, bathua and mustard, onion and tomato give light 
yellow colour with the reagent (CAR-DEA). So there is a slight increase in the intensity 
of the brown colour produced with mancozeb 
The spot test under study was successfully used to detect dimethyldithiocarbamates 
and morpholine dithiocarbamates of Zn(Il), Mn(II), Cu(Il) and Fe(IIl) at trace levels (4-10 
jx/LO mL) in soil, vegetation and water. 
The present study shows that the use of cation-exchange resin beads in copper ammonia 
complex form in place of cupric aceate makes the test more sensitive The test can be 
successfully used for the detection of traces of dithiocarbamate fungicides in soil directly 
The Council of Scientific and Industrial Research is thanked for the ward of SRF to 
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NOTE 
A new spot test for the semi-quantification of dithiocarbamates 
residues in traces in soil samples of potato growing field 
H. S. Rathorc', Sunil Kumar and Y. N. Singh 
Applied Chemistry Department, Z. H. College of Engineering and Technology, Aligarh Muslim University, 
Aligarh-202 002, India 
Fax : 91-0571-400528 
Munustripl received 17 Ociiiber 2000, revised 6 February 2001. aixepitit 2-1 Februun 2001 
A selective, sensitive, simple and Inexpensive spot test is dcscril)C'd Tor the detection of mancozch at trace levels in soil, vegetation 
and water. It is based upon the intensive catalytic action of dilhiocarliamates on the production of nitrogen from sodium azide 
reaction witli iodine. 
Spectrophotometry', gas chromatography- and eleciri)-
chemical method^ have been used for the quantification nt 
dithiocarbamates. However, spot test analysis has been 
found to be extremely useful for the preliminary charac-
terization of the text material. We report herein a simple 
and inexpensive spot test for the detection and semi-quan-
titative determination of dilhiocarbamate fungicides. 
Results and Discussion 
It is known'' that the following reaction is catalyzed by 
inorganic sulfides, thiosulfates and thiocyanates (C=S or C-
SH group), while thioethers (R-S-R). thiosulfides (R-S-S-
R), sulfones (R-SO^-R), sulfinic acids (R-SO3H) and sul-
fonic acids (R-SO,H) are found to be ineffective. 
2 NaN3 -I- I2 2 Nal + 3 N2 
Thus the vigorous evolution of bubbles of nitrogen in the 
reaction permits the detection of compounds containing 
C=S or C-SH group. Now this reaction has been reinves-
tigated and utilized in the analysis of pesticide residues. 
The results show that mancozeb (0.05 g) can be detected 
in presence of (a) acids (barbituric, gallic, hippuric. 
isocitric, malic, phthalic, succinic, sulfanilic and tartaric 
acid), (b) alcohols (1-butanol, 1-propanol, 1-eihanol and 
niet)ianol). (c) aldehydes (benzaldehyde, 4-dimethyl-
aminobenzaldehyde, m-nitrobenzaldehyde and vanillin), (d) 
amides (dimethylformamide, salicylamide, thiourea and 
urea), (e) amines (aniline, diethylaniline, indole, nicotine 
and trimethylamine), (0 diethylether, (g) pyridine, (h) 
hydrocarbons (benzene, carbon tetrachloride, chloroben-
zene, o-toluidine and paraffin), (i) ketones (acetone and 
acetophenone), (j) mineral acids (hydrochloric and sulfuric 
acids), (k) oils and fats (mustard oil and ghee), (I) pesticides 
(bavistin, carbaryl, phenoxyacetic acid, trichloroacetic acid, 
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ciidDsullan. piiamidon and chlorpyrifos), (m) phentils 
icatechol, i-naphthol, 2-naphthol, phenol,/J-nitrophenol and 
rciurcinol), (n) inorganic compounds (aluminium am-
monium sulfate, aminonium sulfate, barium sulfate, cupric 
sulfate, ferrous sulfate, hydrazine sulfate, manganese sul-
fate, magnesium sulfate, nickel sulfate, potassium hydrogen 
sulfate, sodium bicarbonate, .sodium sulfate, sodium 
thiosulfate and zinc sulfate, (o) leaves (bakayan, babbool, 
neem and lulsi) and (p) soils. 
Besides mancozeb, (i) gallic acid, (ii) hippuric acid, (iii) 
thiourea, (iv) ferrous sulfate, (v) hydrazine sulfate, (vi) 
sodium thiosulfate and (vii) neem leave extract give posi-
ii\e response by thin layer chromatographic detection 
(TI.C) and compounds (iii)-(vii) give positive response by 
uatch-glass and capillary methods. Thus the latter methods 
are more selective than test lube detection (TTAU), TLC 
and paper chromatographic (PC) detection. 
The sensitivity sequence lor detection of mancozeb 
(pg/0.1 ml) was found to be : watch glass (0.38) > capillary 
(0.45) > TLC (0.75) and PC (0.75) > TTAU (67.5). The 
TTAU provides two signals (bubble and decolorization), 
TLC provides two signals (bubble and its pit), PC 
(decolourization), watch glass (bubble) and capillary (bub-
ble) provide only one signal. 
The results of detection on TLC of varying thickness 
(0.25-0.5 mm) show that the better results are obtained on 
thick layers. The lower limit of detection of mancozeb was 
found to be 7.5, 0.38-7.5, 0.38-7.5, 0.38-0.75. 0.38-75, 
0.38. 0.38-75, 0.38. 0.75-75, 0.38 and 0.38 Hg/O.I ml on 
the layer of aluminium oxide basic, barium sulfate, barium 
oxide, calciuin carbonate, calcium citrate, calcium sulfate, 
cellulose, ferric oxide, silica gel G, soil and titanium oxide, 
respectively, by TLC detection. Hence it is clear that man-
cozeb in traces can be detected by soil TLC. The lower 
Note 
limit of detection of zinc dimethyl dithiocarbamate, copper 
dimethyl dithiocarbamate, feme dimethyl dithiocarbamate, 
manganese dimethyldithiocarbamate zinc morpholine 
dithiocarbaniate, copper morpholine dithiocarbamate, feme 
morpholine dithiocarbamate, manganese morpholine 
dithiocarbamate and zinc diphenyl dithiocarbamate was 
found to be 10 0 8 0 8, 10 8 0 8 0 1 0 01 0 1 . 1 0 
01 0 1 0 1 0 3 0 3 , 1 0 0 5 0 5 10 0 5 0 5 ,01 
0 1 0 I and 0 6 0 4 0 4 ng/0 1 ml on TLC watch glass 
L.ipillary 
Scveial soil and vegetation samples were collected from 
the potato growing fields where mancozeb and its admix-
tures were used as fungicides The leaves of the freshly 
spread potato plants showed the positive test for mancozeb 
The test also showed the presence of mancozeb residues in 
soil where potato crops were grown tor the last three years 
continuously 
Conclusion Amongst Ihc techniques undtr stud> the 
Ucitch glass detection is simpler (aster and more inexpen 
sive tor the detection of mancozeb lesidues in soil vegeta-
tion and water The detection can be directls performed on 
field I e on the surface ot !ea\es fruits etc and at least 100 
samples can be detected within one hour The present con 
centration ot mancozeb has been found to be =\0 ng/5 g in 
soil and vegetation by using this text 
Experimental 
Sodium azide (57r) was dissolved in eihanol uattr (1 
7) containing iodine (1 27%) and potassium iodide (2 g) 
Aqueous suspension (1%) ol m.incozcb VMS used All the 
chemicals and reagents used were of A R grade TLC 
plates were prepared and samples weie collected as usual^ 
TTAU test was performed in a test tube (9 8 m x 12 cm 
; d ) armed with a side U-Iubc (16 9 cm x 0 1 c m i d ) by the 
following procedure A portion of the test material (0 05 ml 
01 0 05 g) was taken in the test tube moisture uas removed 
by mild heating Then 10 M H2SO4 (0 05 ml) was added to 
It and the reagent (0 1 ml) was filled in the side-tube. The 
mam tube was stoppered, then heated and the change in 
colour of the reagent as well as the bubble formation was 
noted TLC and PC detections were made by placing a drop 
of the reagent over the drop of the test material In the capil-
lary detection, firstly solution or slurry of the test material 
and then the reagent were filled by capillarity force. The na-
ture of the bubble and air gap produced at the junction of 
test material and the reagent was recorded Mancozeb in 
traces was detected on the surface of leaves and fruits by 
placing a drop of the reagent directly on the leave 
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